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FOREWORD

This investigation was performed for the Directorate of Military Pro-
grams, Office of the Chief of Engineers (OCE), under Project 4A762720A896,
"Environmental Quality Technology"; -TIsk B, "Source Control and Treatment";
Work Unit 017, "Tertiary Treatment Using a Rotating Biological Disc System."
The applicable QCR is 3.01.004. This investigation was performed by the
Environmental Division (EN) of the U.S. Army Construction Engineering Research
Laboratory (CERL).

The OCE Technical Monitor was Mr. Walt Medding, DAEN-MPO-U.

Dr. R. K. Jain is Chief of CERL-EN. COL L. J. Circeo is Commander and
Director of CERL, and Dr. L. R. Shaffer is Technical Director.
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UPGRADING DA TRICKLING-FILTER

SEWAGE TREATMENT PLANTS

1 INTRODUCTION

Background

Army sewage treatment plants have unique limitations, restraints,
requirements, and capabilities which are not common to such facilities in the
private sector:

1. About 95 percent of Department of the Army (DA) sewage treatment
plants (STP) are the trickling-filter type, with a few activated sludge sys-
tems and extended aeration package plants.

2. The relatively small capacity of many Army sewage treatment plants
often mandates that operation and maintenance be simple.

3. The facilities are often underloaded because of the decreased Army
population during peacetime.

4. The civilian workforce, which contributes waste during normal loading
hours, but not at other times, changes diurnal loadings significantly.

5. Significant hydraulic and organic load fluctuations are common.

6. Various activities, such as consolidation of training from several
areas to only one installation, summer training, and reserve and national
guard groups, can cause significant seasonal changes in sewage loadings to
treatment facilities.

Existing DA trickling-filter sewage treatment plants were not designed to
handle the National Pollutant Discharge Elimination System's (NPDES)I

stringent permit requirements for Biochemical Oxygen Demand (BOD), Dissolved
Oxygen (DO), Suspended Solids (SS), and ammonia.

One viable alternative for meeting NPDES requirements is to upgrade
existing STPs, which will be much less expensive than extensive plant renova-
tion and remodeling. When properly designed, constructed, operated, and
upgraded, existing trickling filters can meet NPDES discharge requirements,
while retaining the advantages of low energy needs and relative ease of opera-
tion.

I Environmental Protection and Enhancement, Army Regulation (AR) 200-1

(Department of the Army, 20 January 1978).
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One upgrading method is the Rotating Biological Contactor (RBC) technol-
ogy. Although RBC technology exhibits inherent technical and economic advan-
tages and disadvantages, it often appears to be especially conducive to meet-
ing Army needs. In particular, if RBC technology is compared to other
processes in terms of energy scenarios, O&M requirements, efficiency, and
reliability under various environmental and loading conditions, it becomes
evident that RBC technology should be considered for municipal and industrial
pollution abatement projects. Some specific advantages to the Army associated
with RBC technology are:

1. Low energy requirements.

2. Simpler and less expensive O&M.

3. Ease of transporting and relocating.

4. Low space requirements.

5. Installation costs are minimal, because expensive secondary sewage
treatment plant capital equipment can be retained and used with RBCs.

The concept of using RBCs as a treatment alternative is relatively new in
the United States, and only a few plants have operated for more than a few
years. Consequently, data are scarce regarding RBC retrofitting strategies
for upgrading plants to meet current and anticipated NPDES requirements. In
fact, until just a few years ago, RBC technology was not even mentioned in
college textbooks. This may account for the fact that the latest wastewater
treatment guidance documents lack information regarding the RBC unit process,
even though American industries and municipalities have spent millions of dol-
lars for RBC process equipment. Many excellent documents provide design and
operation and maintenance criteria/guidelines for readily available tradi-
tional technologies, such as activated sludge and trickling-filter processes;
e.g., the Process Control Manual for Aerobic Wastewater Treatment Facilities. 2

This publication provides guidance for optimizing the performance of and
establishing process control techniques for trickling-filter and activated
sludge systems. There is no comparable manual for RBC technology. In addi-
tion, commonly used "state-of-the-knowledge" documents which provide economic
guidance for selecting wastewater treatment systems either do not give RBC
cost curvws (capital, O&M, energy, etc.), or give curves that are outdated.
This lack of guidance on RBC applicability, design, O&M, and economic con-
siderations results from the relative newness of RBC technology in the United
States.

2 Process Control Manual for Aerobic Wastewater Treatment Facilities, EPA-
403-9-77-006, PB279474 (U.S. Environmental Protection Agency LUSEPA], March
1977).
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This lack of empirical data and guidance is complicated by the fact that
there is no well-defined theory of design and operation accepted by all RBC
manufacturers. Design engineers and contractors can design and construct
activated sludge, trickling filter, and most other wastewater treatment
processes without depending significantly on a very limited number of equip-
ment manufacturers. This is not the case with RBC technology, in which design
engineers are extremely dependent on the manufacturer's design curves.
Despite these problems, DA currently has (or has planned) RBC facilities at
several installations; however, design guidance is often lacking.

Army personnel considering the RBC process must find answers to the fol-
lowing questions:

1. How can I insure that the RBC technology is right for my particular
situation?

2. How much does RBC cost?

3. Are the RBC units easy to install and start up? What about site

preparation?

4. Can we obtain the process and install it in time to meet a tight com-

pliance schedule?

5. What are RBC's 0&M problems/costs?

6. How does the RBC technology compare with other technologies?

7. Is the RBC process reliable and effective under a variety of climatic
conditions and under varying hydraulic, organic, and ammonia loadings?

8. What are the appropriate design criteria?

9. What are the system's land requirements?

10. What are the RBC's skill and manpower requirements?

11. What are the process advantages/disadvantages?

12. Can the process be retrofitted to existing secondary equipment to
meet biochemical oxygen demand, suspended solids, and ammonia requirements?

13. What about nuisances (odors, filter flies)?

14. How does energy consumption compare to other processes?

13



15. What are the sludge characteristics?

16. What is the potential need of clarification prior to disinfection and
discharge, and what are the design criteria for the clarifier?

17. What is the life expectancy of major RBC control components?

18. What new developments are anticipated for RBC technology?

19. What information is available?

20. What are the opinions of R6C plant operators?

21. What information is available regarding structural failures of RBC
components?

Recently, Architect/Engineer (AlE) firms have tended to recommend abandoning
existing DA trickling-filter facilities in favor of constructing difficult-
to-*operate, energy-intensive technologies. Thus, there is a need to examine
the alternative of retaining and upgrading existing plants in order to reduce
energy consumption and facilitate operations, thereby reducing Army expendi-
tures for sewage treatment.

Objective

The objectives of this study were (1) to develop guidance for Army per-
sonnel who must decide whether to use RBCs, (2) to provide case history infor-
mation on use of RBCs for upgrading trickling-filter sewage treatment facili-
ties, and (3) to provide design guidance for using RBC add-on to upgrade DA
trickling-filter secondary sewage treatment plants and thus bring these plants
into compliance with existing and anticipated NPDES requirements.

Approach

RBC data were obtained from three major sources: (1) papers presented at
the First National Symposium of RBC Technology, (2) a comprehensive literature
search of operating RBC systems, and (3) RBC manufacturers. These data were
then analyzed and used (a) to develop weighted selection criteria and a rank-
ing system that DA personnel could use to decide whether to use RBCs, and (b)
to develop a stepwise approach useful to DA personnel Who dre seriously con-
sidering use of RBCs.

14



Outline of Report

Chapter 1 provides background information on the Army's need to examine
the alternative of using RBCs to bring existing trickling-filter plants into
compliance with NPDES requirements and also lists the information most often
needed by Army personnel considering use of RBCs.

Chapter 2 describes the RBC equipment available from various U.S.
manufacturers and the many existing trickling-filter plants using RBCs as
retrofit upgrading systems. Guidance on deciding whether to use RBCs is
presented, along with a weighted selection criteria or ranking system.

Chapter 3 presents the most current design guidelines of RBC technology,
particularly for the special application of upgrading trickling-filter
effluents. Detailed answers to the questions listed in Chapter I are pro-
vided.

Chapter 4 suggests a stepwise approach that DA personnel can follow when
seriously considering use of RBCs. These steps cannot replace detailed design
work, but can provide extensive information useful for RBCs with other alter-
natives.

Chapter 5 provides a step-by-step approach for upgrading trickling-filter
plants with RBC.

Chapter 6 describes a possible modification of the RBC retrofit system
which could easily incorporate phosphorus removal required by tertiary treat-
ment standards.

Chapter 7 compares RBC performance criteria predicted by the manufactur-
ers with actual performance data.

Mode of Technology Transfer

The information in this report will be issued by OCE as an Engineer
Technical Letter and will be used to upgrade TM 5-814-3, Domestic Wastewater
Treatment.



2 ROTATING BIOLOGICAL CONTACTOR AS AN ALTERNATIVE
RETROFIT SYSTEM FOR UPGRADING TRICKLING FILTERS

General

Most (about 95 percent) DA STPs are the trickling-filter type; the
,,emainder are activated sludge systems and extended aeration package plants.
Most of these facilities were designed and constructed between 1935 and 1945,
and many are inadequate to handle the present hydraulic and organic loadings.
They simply were not designed to handle the stringent current and anticipated
NPDES permit stipulations.

Both the 1972 amendments to the Federal Water Pollution Control Act (P.L.
92-500) and the 1977 Clean Water Act (P.L. 95-217) require that all sewage
treatment facilities keep their point source wastewater effluents within
prescribed quality limits. Treatment performance will be determined on the
basis of meeting stream (or lake and estuary) and effluent requirements set by
Federal and State governments. Section 4 of TM 5-814-83 provides guidance for
Army coordination with regulatory agencies when treatment requirements for
military wastewaters are established.

Recently, two major DA STPs were upgraded to meet secondary or tertiary
treatment requirements, and others are being considered for upgrading. As
effluent requirements become more stringent, it is anticipated that more DA
STPs will require upgrading to meet NPDES permit stipulations.

U.S. and State Environmental Protection
Agencies' Treatment and Effluent Standards

AR 200-1 gives treatment regulatory requirements for Army projects.
These regulations implement Executive Orders and DOD Directives and generally
direct the Army to comply with treatment requirements established by the USEPA
and with the State EPA having jurisdiction over an installation. The NPDES
permit obtained from the applicable regional EPA office will generally deter-
mine the treatment requirements.

Efflient requirements for new Federal facilities will be coordinated by
the Corps of Engineers Design Office and the EPA Regional Federal Facilities
Coordinator. In countries or areas not under U.S. control or administration,
projects or activities are subject to the generally applicable environmental
laws, regulations, and stipulations of the foreign government concerned.

3 Evaluation Criteria Guide for Water Pollution Prevention, Control, and
Abatement Programs, TM 5-814-8 (Department of the Army, July 1976).
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Most states require a minimum of secondary treatment for all domestic
wastewaters, and some states require additional removal of nitrogen and/or
phosphorus to prevent eutrophication of water bodies, to reduce total oxygen
demand, and to eliminate ammonia-nitrogen toxicity to fish. Some states also
require that a specified concentration of dissolved oxygen be maintained in
the treatment plant effluent. In critical areas, waste load allocations limit
the amount of pollutants to be discharged. Consequently, the State regulatory
agencies will impose various types of advanced wastewater treatment processes
to protect their water resources. The Army must review the applicable State

guidelines before setting the treatment level. Generally, local governments
do not specify wastewater treatment facility requirements. Construction of
wastewater treatment facilities must also conform to applicable zoning and
OSHA requirements and to AR 200-1.

DA has recently conducted a comprehensive review of NPDES permits for
many Army wastewater discharges.4 Of the 78 installations reviewed, 49 had
been issued NPDES permits for 64 wastewater discharges. Of the 64 permits
received, 37 required only secondary treatment, whereas 27 contained more
stringent limitations. (Table I provides more specific data on the 27 permits
requiring treatment beyond secondary.) Ammonia-nitrogen removal was indicated

on 15 permits, while phosphorus removal was listed on 11 perm'ts.

Upgrading DA STP System Alternatives

Numerous system alternatives are available for upgrading STPs; however,
since most DA treatment facilities are of the trickling-filter type, this
presentation is confined to the upgrading of trickling filters.

Consulting engineering firms tend to recommend abandoning existing
trickling-filter units and replacing them with more complex, newer technology.
Although such technology should be used when it applies to specitic wastewater
problems, its processes are usually capital- and energy-intensive. Operating

and maintaining newer technology also requires specificoily trained operators.
Trickling filters have low energy needs and are relatively easy to operate.

When combined with other treatment processes, existing trickling filters can
meet NPDES discharge requirements. Recent USEPA reports 5 advocate the contin-
ued use of trickling filters where they presently exist, because scrapping
them would be uneconomical.

RD.--M-iller,C.-I--Noss, et al., RBC Process for Secondary Treatment and
Nitrification Following a TricklingFle-r, TechnicaTep6FT 7905 US
AMBRDL, June 197T-.

5 Upgrading Trickling Filters, 430/9-78-04 (Office of Water Program Opera-
is-, FA [WH-547], June-1978); The Coupled Trickling Filter-Activated

Sludge Process: Design and Performance,lEP A-6--0/2---6 E"
1978).
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Table 1

Wastewater Discharge Permits Requiring
Advanced Treatment (64 Permits Reviewed)

P NH3-N Total N BOD SS Total

2 .... 2
2 - - - 2

4 4 4 4 4 4
1 1 - 1 1 1

5 - 5 - 5
2 2 - 2 - 2
2 - - 2 2 2

-I - 1 1 1

- - 8 8 8
Total 11 15 4 23 16 27

Another alternative is expanding existing units by adding more trickling
filters. With the proper design and operation, such an addition would insure
nitrification and effective BOD removal, as well as meet the required effluent
standards. However, recent cost-effectiveness studies 6 of treatment plants
show that for small STPs (which are typical of DA facilities), trickling
filters are more expensive than RBC units for comparable treatment perfor-
mance. Furthermore, the land requirement for trickling-filter units is
greater, which may limit their use in existing STPs where expansion space may
be limited.

A promising alternative is upgrading existing trickling-filter treatment
plants with RBC. RBC technology has the potential to upgrade activated sludge
plants and trickling-filter units economically and effectively, thus retaining
and using DA's expensive secondary STP capital equipment. (Chapter 3
discusses RBC technology and provides case histories of trickling-filter
plants upgraded with RBC.)

6 j. L. Pierce, et al., An Evaluation of the Cost-Effectiveness of the RBC
Process in Combined Carbon Oxidation and NAtrification Aplications, paper
presented at theirst National Symposium - RB- Te cnology', ttsurgh, PA
(February 1980), Vol I -- PB81-124539, Vo, 2 -- PB81-124547; P. T. Sun, et
al., Computerized Cost Effective Analysis of Fixed Film Nitrification Sys-
tems, paper presenteat the First National Symposium RBC Tec'hnoI6g , itts-
F-ur-gh, PA (February 1980), Vol I -- PB81-124539, Vol 2 -- PB81-124547.
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Questions onRBC Application to the Upgrading
of Trickling-Filter Plants

There are currently more than 600 commnercial RBC installations in West
Germany, France, and Switzerland, primarily serving populations ranging from
12,000 to 100,000, and treating a variety of domestic and industrial wastes.
Since 1972, the number of STPs in the United States that use RBCs has
increased to more than 300, with another 300 in the planning stages.

There is no doubt that RBCs have demonstrated their effectiveness, relia-
bility, and economy in a wide range of applications in the treatment of domes-
tic and industrial wastes. The main advantages of the RBC system appear to be
its relatively simple operation and its reduced power costs. These advantages
make the RBC system an attractive alternative to trickling-filter and
activated sludge treatment plant facilities.

An EPA Waste Pollution series report7 notes that the RBC process can
achieve secondary effluent quality or better, including nitrification; conse-
quently, the EPA considers the RBC to be a potential municipal wastewater
treatment alternative. However, the use of RBCs to upgrade trickling-filter
treatment facilities is a new and special application of the RBC technology.
DA personnel have many questions when comparing RBC technology with other
available processes. Table 2 presents the most commonly asked questions and
provides short answers to them; in addition, the table refers the reader to
parts of this report containing more detailed answers.

7 Environmental Pollution Control Alternatives -- Municipal Wastewater, EPA
625/5-76-012 (USEPA, 1976).
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Table 2

Questions and Answers About RBC Application to
Upgrading Existing DA Trickling-Filter Treatment Plants

Where detailed
information can

be found in this
Question Short Answer report

1. Can RBCs be re- RBC effluent 3 to 16 mg/L soluble BOD Chapters 3 and 4
trofitted to exist- (>85% removal); 1.6 to 2.3 mg/L NH3 -N
ing trickling-filter (81 to 98 percent removal) suspended
facilities to meet solids removal is equivalent or better
BOD, suspended than trickling-filter (TF) effluent
solids, and solids removal. Overall effluent
ammonia-nitrogen re- quality is better than secondary re-
moval requirements? quirements and meets NPDES nitrifica-

tion permit standards.

2. How can one tell When land requirement for RBC retrofit Chapters 3 and 4
if RBC technology is to existing TF can be met (see ques-
right for a particu- tion No. 6) and the poor performance
lar situation? of the existing TF is not due to toxic

chemicals, RBC technology can be ap-
plied. Guaranteed performance can be
negotiated with RBC manufacturers.

3. Is the process Properly designed RBC units with coy- Chapter 4
reliable and effec- ers are effective and reliable in
tive in a variety of various climates and loadings.
climates and under (Although effluent NH3-N concentration
hydraulic, organic, responds to varying influent NH3-N and
and ammonia load- org-c concentrations, the NPDES per-
ings? mits for NH3-N can be met).

4. Will the RBC The prevalent scheme of retrofitting Chapters 3 and 4
process require ex- TFs with RBC units between primary and
tensive modification secondary clarifiers (in series or
to cxisting DA STPs? parallel to existing TF operation) re-

quires minimal modification, thus re-
taining and using DA's secondary STP
capital equipment.

20



Table 2 (Cont'd)

Where detailed
information can
be found in this

Question Short Answer report

5. What are the ap- Depending on influent soluble BOD and Chapter 4
propriate design hydraulic loading, total RBC surface
criteria? area requirement can be determined

from design curves or tables supplied
by manufacturers to obtain a specified
effluent soluble BOD concentration.
Temperature correction (below 550F) is
required. Additional area for nitrif-
ication (from another design curve or
table) can be determined after soluble
BOD is reduced to 15 mg/L or below
(not >0.5 lb BOD/1000 sq ft-day load-
ing). Staging and configuration will
then be selected from available module
sizes to minimize the total number of
RBCs and shafts to be used. If addi-
tional secondary clarifier capacity is
needed, use 500 to 800 gpd/sq ft over-
flow rate.

6. What are the Approximately 500 sq ft/shaft (for the Based on the di-
system's land re- RBC units alone). This is equivalent mensions of the
quirements? to 3000 sq ft, including walkways largest sizes of

between tankages, required for a 1.0 RBC assemblies
mgd treatment plant in retrofitting. of manufacturers

and adequate
walkways in
between as well
as sidewalks.
Chapter 4

7. How much does it About $0.3 million per mqd flow Chapter 5
cost? present-worth cost range of 1 to 10

mgd (including installation) for up-
grading TF effluents.
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Table 2 (Cont'd)

Where detailed
information can
be found in this

Question Short Answer report

8. Are RBC units Site preparation requires only level- Chapter 4
easy to install and ing of unloading areas and meeting the
start up? What minimal road width and overhead clear-
about site prepara- ance for the delivery trailer. In- Autotrol Co.
tion? stallation requires placing bearing design manual

base plates and the drive packages on
tankages previously built on-site.
Estimated installation time: 1/2 Geo. A. Hormel
man-day for the first shaft; 1/3 man- Co. design manu-
day for the second shaft; 1/4 man-day al
for all others. Startup is very sim-
ple, taking 2 or 3 weeks to reach full
operation. More time is required to
start nitrification during the winter.
Storage area for RBC units is required
before installation.

9. Can the RBC pro- Shipment 18 to 20 weeks after receipt Chapter 4
cess be obtained and of order is common. A tight compli- and Geo. A.
installed in a tight ance schedule can be met once instal- Hormel Co. in-
compliance schedule? lation is begun. formation

10. What are the Less than required for any biological Chapter 4
skill and manpower treatment processes except oxidation
requirements? ponds.

11. What are the Minimal compared to other biological Chapter 4
operational and treatment processes except extended
maintenance prob- aeration and oxidation ponds. No odor
lems? and filter flies problem when designed

and operated correctly.

12. Will the system None, other than its inability to re- Chapter 3
require process lim- move toxic and nonbiodegradable chemi-
itation, applicabil- cals.
ity, and restraints?

13. Can RBC units Phosphorus can be removed to 2.0 mg/L Chapter 6
remove phosphorus? or less by combining low-level lime

addition and RBC recarbonation.
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Table 2 (Cont'd)

Where detailed
information can
be found in this

Question Short Answer report

14. How does RBC RBC technology, particularly when used Chapter 3
technology compare in conjunction with trickling filters, Table 4
with other technolo- is relatively new. However, from all
gies? indications, the technology is reli-

able and cost-effective when compared
with activated sludge processes for
small facilities (0 to 10 mgd) and
with all sizes of tricklina-filter
plants.

What are process RBC is simpler to operate and has a
advantages/disadvan- potentially lower energy requirement.
tages? RBC may be more capital-intensive, but

the total cost (capital and O&M) is
less, particularly when applied to re-
trofitting condition.

15. How does energy Among RBC, trickling-filter, activated Chapters 4 and 5
consumption compare sludge and land treatment processes,
to that of other trickling filter uses the leas + ener-
processes? ay. The RBC manufacturers' low esti-

mate of energy consumption is slightly
higher than that of the trickling
filter, but the high estimates are
comparable to activated sludge and
land treatment processes. However,
the EPA (CAPDET) computer cost esti-
mate indicates that RBC is one of the
highest energy-demanding treatment
processes. With insufficient opera-
tional data from existing systems, it
may be assumed that for facilities
from 0 to 5 mgd capacity, RBC requires
an eouivalent or slightly smaller
amount of energy than activated sludge
processes. (Note: some manufacturers
provide a rebate if the tested energy
consumption is higher than the
manufacturer's guaranteed figure.)
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Table 2 (Cont'd)

Where detailed
information can
be found in this

Question Short Answer report

i6. What are the Sludge generated from the RBC process Chapter 4
sludgc characteris- has a better settling characteristic
tics, potential need than dctivated sludge. As a retrofit
of clarification, system to upgrade trickling-filter ef-
and clarifier design fluents, the RBC sludge characteristic
criteria? is not much different from trickling

filter sludge. Manufacturers recom-
mend 500 to 800 gpd/so ft as an ap-
propriate loading for clarifiers
without nitrification, depending on
the desired suspended solids level of
the clarified effluent. When nitrifi-
cation occurs, or when an effluent of
less than 15 mg/L of suspended solid
is desired, chemical flocculation and
a lower loading of 400 to 500 gpd/sq
ft should be used. Filtration is re-
quired to meet tertiary effluent
treatment standards.

17. What is the With the very short history of RBC ap- Chapter 4
life expectancy of plication in this country, the life
major components? expectancy of major components is not Chapter 3

fully known. Although many manufac-
turers provide test data on their ma-
jor RBC components with load cycles
(structure) of a 20-year equivalent,
the life expectancy on the RBC media
is uncertain. The warranty period
generally runs from I to 5 years for
mechanical equipment, 10 years for
media, and 20 to 30 years for shafts,
depending on the bid documents.
Media/shaft failures have been docu-
mented, but manufacturers indicate
that current designs are much im-
proved. (In fact, one sewage treat-
ment facility which uses RBC technolo-
gy for secondary/nitrification has ex-
perienced significant failure prob-
lems.)
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Table 2 (Cont'd)

Where detailed
information can

be found in this
Question Short Answer report

18. What new RBCs with air-drive units instead of Chapter 4
developments are an- mechanical-drive units have recently
ticipated for RBC been placed on the market. This type
technology? of unit can be applied to stronger

sewage treatment as well as to upgrad-
ing trickling-filter effluents.

19. What are the Lack of oxygen in the air within the Chapter 4
safety considera- RBC enclosure (cover), which may lead
tions? to breathing difficulty unless proper

ventilation (forced ventilation in
many cases) is provided. Care should
be exercised around any operating
equipment. Safety considerations are
no different from those of trickling-
filter processes.

20. What are the Most are happy with the RBC facili-
opinions of RBC ties, noting that they are easy to
plant operators? operate and maintain. Grease balls

formed during the RBC process present
only a minor maintenance nuisance.
However, certain installations have
experienced problems.

21. What informa- See question 17 above. Chapter 4
tion is available
regarding structural
failure of RBC com- Chapter 3
ponents?

22. Are there any Vo)ume I of Operation of Wastewater Appendix D
manuals which discuss Treatment Plants -- A Field Study provides a
the operation of Training Prorm, 2nd edition, portion of
rotating biological USEPA Office of Waste Program the chapter
contactors? Operations Municipal Permits and on RBCs

Operations Division, Grant No.
T900690010.

l ~ ~~~~~~~~~~~~~ I - ... it..... . .i)I i



3 RBC MODULES AND MANUFACTURERS

Equipment Description of Various RBC Manufacturers

The RBC system is one of the many forms of fixed-film biological treat-
ment technology. In this technique, biologically active masses are grown on a
series of discs that slowly rotate, alternately exposing the biomass to the
wastewater stream and the air above it.

The lightweight, compact, plastic discs provide a very large surface area
per unit volume of tankage for the growth of active biomass and yet furnish
sufficient space between discs to prevent clogging. The discs can be either
mechanically driven or air-driven. Aeration with rotating discs supplies suf-
ficient dissolved oxygen to the attached biomass and prevents development of
anaerobic conditions. Figures 1, 2, and 3 are photographs of the media, tank,
and enclosure, respectively.

There are several RBC manufacturers in this country. At this time, major
manufacturers are:

Autotrol Corp.
1701 West Civic Drive
Milwaukee, WI 53209

Clow Corp.
56 Industrial Div.
Florence, KY 41042

Geo. A. Hormel and Co.
11501 Yellowbrick Road
Coon Rapids, MN 55433

Ralph B. Carter Co.
192 Atlantic Street
Hackensack, NJ 07602

Walker Process Corp.
Div. of Chicago Bridge & Iron
840 Russell Avenue
Aurora, IL 60506

A Canadian company manufactures equipment for package treatment plant systems
only:

CMS Equipment Limited
5266 General Road, #12
Mississauga, Ontario L4W IZ7
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Figure 1. Photograph of plastic med~ia.

Figure 2. Photograph of plastic media and tank.



Figure 3. Photograph of covered RBC units.

The RBC products can be divided into two categories: rotating discs and
rotating drums. The Ralph B. Carter Co. manufactures the rotating Bio-Drum,
while all the other manufacturers produce rotating discs of various geometry.

The Ralph B. Carter Co. manufactures the floating Bio-Drum, which is a
wire drum (squirrel cage) filled with tightly packed hollow plastic balls
(Figure 4). The buoyancy of the plastic balls provides free unit flotation,
so all supports are lightweight. The drum is mechanically driven with dual-
speed control.

The Rotating Bio-Drum process is different from other RBC processes not
only in the unique geometry of its growth media, but also because it recom-
mends that activated sludge be returned to the biomass media. The settled
biological sludge from the clarifier (after the Bio-Drum unit) is partially
returned so that both the fixed growth -1 suspended growth biomass are
equally responsible for the treatment. mie setup is equivalent to installing
a unit of rotating discs in an activated sludge tank. Normally a sludge age
of 3 to 4 days is maintained. The combination of the fixed and suspended
growths provides a very high, active population of microorganisms in the unit
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(equivalent to 15,000 to 25,000 mg/L MLSS) such that a high organic loading of
500 to 700 lb BOD 5/1O00 cu ft-day (10 kg/m3-day) can be applied.

No cover is required for the unit, since most of the fixed growth biofilm
in the drum is not exposed to washout by rainfall. The washed off biofilm
merely becomes part of the suspended growth in the unit, and treatment capa-
city remains the same. The Bio-Drum process has been successfully operated
without a cover in a very frigid climate (Denmark).8 The advantage of incor-
porating the Bio-Drum with return activated sludge is offset by the complexity
of its operation, which requires more skillful control. Thus, capital savings
accrued by eliminating the cover will be offset by the increase in capital and
operational costs for sludge pumping.

i",natng Discs

This RBC process uses polyethylene (or similar plastic material) corru-
gated sheets (discs) as the surface media. Carbon black may be added to the
plastic material to reduce ultraviolet light attack on the media. The biomass
stripped from the rotating discs leaves the unit permanently. The suspended
biomass (resulting from the stripping of the fixed biofilm and from the
influent to the RBC) generally has a concentration below 150 mg/L. Conse-
quently, only the attached growth biomass is responsible for BOD removal and
nitrification. Therefore, fiberglass covers or buildings are necessary to
avoid washouts of the attached growth by rainfall.

Figure 5 shows a typical rotating-disc RBC plant. The distance between
discs is controlled by spacers. A standard media of 12-ft* diameter and 25 to
26 ft long has a total surface area of 100,000 sq ft per shaft. Where thinner
biofilm is expected, high-density media of up to 156,000 sq ft per shaft (12-
ft diameter and 26 ft long) are also available from most manufacturers for
nitrification. The Clow-Envirodisc system permits on-site replacement of
media segments without disturbing the main shaft or removing it from the tank
(e.g., replacing segments of damaged discs or replacing standard media with
high-density media for nitrification).

Autotrol Corp. provides a new Aero-Surf process in which the discs are
air-driven. An Aero-Surf assembly consists of plastic cups welded around the
outer perimeter of the media and over the entire length of the contactor. A
small air header below the media releases air into the attached cups. The
captured air results in a buoyant force which exerts a torque on the shaft
sufficient for rotation. The air supply controls the speed of rotation and
supplements the supply of oxygen through increased aeration. One blower can

8 G. R. Fisette, Operational Advantages Obtained by Incorporating a Bio-Drum
in an Activated Sludge. paper presented at the First National Symp6siumon
RBC Technology, Pittsburgh, PA (February 1980), Vol I -- PB81-124539, Vol 2
-- PB81-124547.

* Metric conversion factors for English measurements are provided on p 117.
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operate many Aero-Surf assemblies, thus reducing overall maintenance require-
ments and allowing the rotational speed of each shaft to be adjusted individu-
ally.

Staging of RBC media is recommended to maximize removal of BOU and
ammonia-nitrogen. For normal BOD5 removals, a minimum of three to four stages
should be provided in each flow stream. Additional stages may be added for

nitrification or for combined BCD5 and NH3-N removals. Four stages can be
provided on a single shaft by providing three interstage baffles within the
tank. Installations requiring two RBC units may be placed in series with a
single baffle in each tank, thus providing four stages. Four or more units

are placed in series, with each unit becoming a single stage. Figure 6 shows
the various schemes of staging RBC units.

The USEPA has provided recent information regarding RBC technology in a

Treatability Manual. 9 This is included as Appendix C.

Trickling-Filter Plants Using RBC to Upgrade Treatment

Many RBC applications have been developed to expand a plant's capacity or

efficiency. When applied to existing trickling-filter plants, the RBC system
can be operated in parallel or in series with trickling filters. A third
option is placing the RBC units directly within primary or secondary clarif-
iers. Figure 7 shows the different upgrading schemes, and Table 3 lists the
plants where these schemes have been used.

North Huntington, PA, initially installed a rock trickling-filter plant
designed for 50 percent removal of BOO at a flow of 1.5 mgd. The entire plant
was composed of primary clarifiers, high-rate rock trickling filters, secon-
dary clarifiers, chlorine contact tanks, anaerobic digesters, and sludge-
drying beds. Increased hydraulic flow and more stringent effluent require-
ments necessitated increasing the plant's capability to 85 percent BOO removal
at a flow of 1.75 mgd; thus, the upgrade consisted of a concurrent increase in
hydraulic capacity and treatment efficiency. The Bio-Surf system installed to
meet these new requirements consists of four 20-ft-long RBC shafts, providing
305,000 sq ft of effective surface media. Currently, the RBC operates in

parallel with the rock filter system (Figure 7). The plant was designed to
function either in series or in parallel operation with the trickling filters.

Treatability Manual Vol III: Technologies for Cortrol/Removal of Pollu-

tants, EPA-600/8-80-042c (USEPA, office of Research and Development, July
TWT.
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Primary Treatment ScnayClarifier

Raw Waste Effll-n

4 4.

Solids Disposal

Figure 5. A typical RBC plant using rotating discs for secondary
treatment. (Taken from Clow brochure.)

ONE UNIT,
FOUR STAGES

TWO UNITS IN SERIES THREE UNITS IN PARALLEL,
TWO STAGES EACH FOUR STAGES EACH

_ n _7-- 1 i - -1

1"7 n 7- r Fi

MULTIPLE PARALLEL FLOW STREAMS
FOUR OR MORE UNITS PER FLOW STREAM,

SINGLE STAGE UNITS

Figure 6. Various schemes of staging RBC units.
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RAW PRIMARY TIKNGSECONDARY FINAL
SE AGE TREATMENT CLARIFIER EFFLUENT

B10 -SURF J

PROCESS

a. RBC in parallel with existing trickling filters, North Huntington,
PA (Autotol).

RAW PRIMARY TRICKLING 810 -SURF SECONDARY FINAL
SEWAG" CLARIFIER PROCESS CLARIFIER EFFLUENT

b. RBC in series with existing trickling filters, North Huntington, P4
(Autotrol) and Plainville, CT (Clow).

RAW EXISTING

WASTE WATER TREATMENT FILTER SECONDARY FINAL' L~FER EFFLUENT

10- SURF I 10-SURFANOXtC
NITRIFICAT ION AOIHO DENITRIFICATION

c. RBC in series with existing trickling filters, Birdsboro, PA (Autotrol).

Figure 7. Various upgrading schemes.

34



RAW PRIMARY TRICKLING SECONDARY FINAL
CLARIFIER FILTER CLARIFIER EFFLUENT

/1PLASTIC INTERSTAGE

INFLUENT FROM
FALSEPRETREATMENT

\SECONDARY CLARIFICATION UMMS FALSE SOTTOM

d. RBC in primary clarifier -- no existing plant except R8C in primary clarifier
to upgrade primary treatment in Edgewater, NJ.

RAW PRIMARY TIKNGSECONDARY FINAL
SEWAGE CLARIFIER 1 ECLARIFIER EFFLUENT

SLUDGE PUMP LASTIC INdTERSTAGE

/cov~mEFFAUELT

ECONOARY CLARIFICATION UNDER

e. RBC in secondary clarifier -- no existing plant.

Figure 7. (Cont'd).
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The new plant evaluations showed that effluent quality could be upgraded to
meet a total effluent BOD of 29 mg/L for both series and parallel operation.10

The town of Plainville, CT, had to upgrade its plant to increase BOD
removal efficiency and add a nitrification stage before discharging effluent
into the Pequabuck River. For a design flow of 3.8 ngd and the expected
trickling-filter effluent of 63.8 mg/L BOD and 17.5 mg/L NH3-N (raw influent
180 to 200 mg/L BOD), twenty-four 26-ft-long RBC shafts (Envirodisc of Clow
Corp.) were installed, all housed in a building with ventilation and tempera-
ture control (minimal temperature to be maintained at 550F [12.7OC]). Four
rows of RBC units, each consisting of six stages, are operated in parallel.
The first three stages -- each having 100,000 sq ft of surface media -- are

for 30D removal, and the last three stages -- each having 150,000 sq ft of
high-density surface media -- are for nitrification. A test in 1977 showed
that the RBC units could provide 90 to 93 percent BOD removal and 90 to 95
percent NH3-N removal during the summer; 85 to 90 percent NH3-N concentrations
were easily met during the winter (Figure 7). The Plainville Treatment plant
uses multiple-media filters; however, the RBC effluents in the secondary cla-
rifiers are subjected to polymer coagulation before they enter the filters.
Current daily wastewater flow is about one-third the design flow of 3.8 mgd.
Consequently, the trickling filters are disconnected, with the primary
effluents fed directly to the RBC units. The treatment plant consistently
experiences a 95 percent BOD removal and 98 percent nitrification.11

The Bio-Surf process installation in the City of Birdsboro, PA, is simi-
lar to the one at North Huntington, except that the existing trickling filter
was initially designed to provide greater BOD reduction. The original facil-
ity produced effluent containinq about 56 mg/L of BD and suspended solids.
The city wished to upgrade its facility to meet effluents of apprcximdtely 25
mg/L ultimate oxygen demand, which required both nitrification and a signifi-
cint removal of carbonaceous HOD. Eight Bio-Surf units were installed between
the existing trickling filter and secondary clarifier (Figure 7). These units
are currently operating at an overall hydraulic loading of I.? gpd/sq ft with
a typical effluent containing 12 mg/L total BOD and 1.6 mg!L of NH3-N.

A recent study for the Edgewater, NJ, Sewage Treatment Plant showed that
the concept and technique of upgrading can be easily applied to trickling-
filter plants with primary clarifiers. A false bottom can be added to an
existing larifier and the RBC units placed on top of it. The wastewater,
which passes the RBC units to receive the designed biological treatment, flows
to the lower compartment of the clarifier which serves as a secondary

M7R. A-Sul-livan, et a . , Upgrading Existing Waste Treatment Facilities Util-
izing the Bio-Surf Proces-s,-raper presented aT-f grsTWafT-omaT 7y-p~osium
on ?T --e-€fhnoT6-qy - ttSurqh, PA (February 1980), Vol I -- PBP1-1241)3cf, Vol
2 - PBH1-1?4547.

l1Personal communication betwen C. P. Poon and the Chief Operator of Plain-
v yle Treatment Plant ( IQ ,).
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clarifier for the Edgewater facility in the test program (see Figure 7). This
RBC!underflow clarifier concept is patented by Autotrol Corporation. Use of

this technique for primary treatment at the Edgewater plant met the NPDES
effluent level of 30 mg/L of BOD and suspended solids. 12 However, installa-
tion of the false bottom and the modifications to the sludge-scraping mechan-
isms in the primary tank can be costly. In addition, this technique cannot be
applied to circular clarifiers. However, the technique is useful if these do
not exist, particularly in facilities where land availability is very limited.

Wastewater that has not been given primary treatment adversely affects
RBC operation and performance. The Edgewater study showed that some form of
pretreatment, such as high-rate gravity settling (using one of the existing
clarifiers) with a nominal overflow rate between 7000 and 9000 gpd/sq ft (2P5
to 370 m3/m2-day) was required in addition to the existing screen/grit
chamber. The scheme shown in Figure 7 incorporates this upgrading technique
into an existing trickling-filter plant; the added RBC units remove some of
the carbonaceous BOD, while the existing trickling filter(s) remove still
more.

The concept of placing RBC units in clarifiers can be extended to the

scheme shown in Figure 7. Here, the RBC units are installed in the modified
secondary clarifiers so that the existing trickling filters are operated pri-
marily for carbonaceous BOD removal, while the RBC units accomplish both BOD
removal and nitrification. To date, this scheme has not been used. Table 4
lists other trickling-filter plants in the United States using RBC to upgrade
their effluents; however, no data on their operation and performance have been
released yet.

Decision To Use or Not To Use RBC

Although RBC is a proven technology and its application to upgrading has
been successfully demonstrated, there are conditions under which RBC should
not be used:

1. When the wastewater contains chemicals known to attack polyethylene
(e.g., chloroform, acetone, benzene).

2. When the existing trickling filters are in such poor condition that
they require major repair or modification (e.g., replacing of media) to
restore the originally designed performance level.

3. When the existing trickling filters do not produce satisfactory
effluent qualities because of the presence of toxic chemicals and not because
of underdesign.

12Clinton Bogart Assoc. and Hydroscience Assoc., Inc., Preliminary Report to
EPA on Upgrading Primary Tanks With RBCs (November 1q78).
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Table 4

Plants* Using RBC to Upgrade Trickling-Filter
Facilities for Which No Data Are Available

Plant Design
and Flow No. of Operating Consulting

Location MGD Shaft Status Engineer

Boynton Beach, 1.40 2 Since Sept. Russell & Axon
Florida 1975 Daytona Beach, FL

Huntley, 0.28 4 Since Nov. Baxter & Woodman, Inc.
Illinois 1977 Crystal Lake, IL

Longmont, 8.20 12 Since Feb. McCall, Illingson, &

Colorado 1978 Morrill, Inc.
Denver, CO

Superior, 0.67 3 Start-up Paul Mousel & Associates
Nebraska Aug., 1978 McCook, NE

* All use the Bio-Surf process. The use of RBCs to upgrade existing

trickling-filter facilities is attractive because of the low hydraulic
head loss (less than 6 in. [152 mm] for a six-stage scheme); this
facilitates its use in existing treatment flow trains as shown in the
various configurations in Figures 7a and 7e.

It would be difficult to destroy or damage certain sewage treatment tech-
nologies such as activated sludge or trickling-filter unit processes through
improper design or operation. Improper design or operation of RBC units
potentially could result in structural failure problems. However, manufactur-
ers irdicate that current designs are much improved. Even with these
proprietary assurances, with the very short history of RBC technology applica-
tion in this country, the life expectancy of major components is not fully
known. Consequently, any RBC upgrade of existing DA sewage treatment facili-
ties should be accompanied by a negotiated performance warranty and equipment
warranty which obligates the RBC manufacturer/proprietor to provide new equip-
ment or a refund (at the Army's option if media, shaft failure, and/or
ancillary equipment fails or if design standards are not met). Absence of
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this type of guarantee i hi, ised against other techn iogies whi ch were riot
selected due to ,conomics, energy requirements, etc. These considerdtions '?

important when a pollution adaremovnt engineer wants to be confident in the

credibility of any wastewater treatment technology. Howcver, one should keep
in mind that if the manufacturers' assurances are acturatr, current designs

are much improved. Then RBC technology should be the technology of choice
wherever it is most applicable, it is significant that hundreds of RFP plants
have been in operation for several years without experiencing media/shaft
failure problems.

Trickling filters can be upgraded without using RBCs; e.g., annition of mor-c,
trickling filters, use of the activated sludge process, use of effluent pol-
ishing lagoons, or land application of effluents. However, lagoons and larw
application are not likely candidates because of their large land area
requirements. Table 5 compares and ranks the RBC, trickling-filter, and
activated sludge methods according to their merits and disadvantages as retro-
fit systems. The overall ranking indicates that the trickling filter is tht!
least favorable retrofit system. The RRC and activated sludge process is com-
parable to the trickling-filter system for larger installations. However, for
small installations (5 mgd or below), RBC seems to be the best retrofit alter-
native. For larger installations, the cost differential between RBC and
trickling filters or between JkBC and the activated siudge process will be
larger (see the Cost Estimation section in Chapter 5); thus, they will be a
less attractive alternative.

Thus, it appears that installations above 5 mgd should consider alterna-
tives other than RBC. If O&M simplicity is emphasized, a high-rate trickling
filter with plaIic media and oxidation ditch is a potential candidate. Thr,
degree of sophistication in the control and monitoring required for the
activated sludge process (with nitrification) would tend to rule out this
option unless highly trained personnel are available. An EPA publicationl 3

provides guidance on choosing among trickling filters, activated sludge pro-
cess, polishing lagoons, and other upgrading techniques (filters, microstr>iin-
ing,and activated carbon).

The point is that engineering A/E firms often do not even consider RBC
technology as one of many viable alternatives which should ho evaluated for
technical/economical attributes for a particular site-specific application.
DA personnel should reouest A/E firms to evaluate all viable upgrading techno-
logies, including RBC retrofit strategies.

P-roce-ssDesignMa-nu-al for rpgrading Existing Wastewator Treatment Plants
TflTTi-c -T TcJ hnoT6 q-y--TraW6-n-T, -TJI-7 19 4
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4 DESIGN GUIDELINES OF RBC TECHNOLOGY APPLIED TO

UPGRADING EXISTING TRICKLING-FILTER FACILITIES

Soluble Carbonaceous BOD

Nearly all RBC systems provide large surface media to promote successful
growth of an active biofilm which oxidizes waslewater chemicals. The amount
of BOD or ammonia-nitrogen that the RBC removes depends on the loading, if all
other environmental factors are favorable (e.g., pH, temperature, dissolved
oxygen, availability of nutrients, alkalinity, absence of toxic chemicals,
etc.). The loading in pounds of BOD/1000 sq ft-day is comprised of the
hydraulic load gpd/sq ft and the RBC influent BOD concentration.

Many RBC manufacturers consider only the removal of soluble BOD. Because

the concentration of suspended organic matter in the RBC unit is low and the
wastewater detention time is short (1 to 2 hours), the suspended solids exert
very little oxygen demand. This is perhaps the primary reason that many RBC
manufacturers and consulting engineers consider soluble BOD to be the control-
ling parameter in the RBC process design. The soluble or total BOO removal
mechanism is generally accepted as being a first-order reaction up to a limit;
i.e., the BOD removal rate in lb/1000 sq ft-day is directly proportional to
the BOD concentration applied. All RBC manufacturers have collected enough
data from both pilot-plant and full-scale plant studies to show the appropri-
ate loadings at or below which a specified BOD effluent can be obtained for
their product. Some manufacturers prepare design curves, while others prepare
tables to show the design loadings. Figures 8 and 9 are examples of design
curves, and Table 6 4s an example of design loadings. Using either the design
curves or design loadings prepared by the manufacturer, one can determine the
area of surface media required for a specific need. In the Carter Bio-Drum

Table 6

Soluble BOD Loading Rates (Clow Corp.)

Design Effluent Soluble Soluble BOD Application

BOD Concentrations Rate

mg/L lb/1000 sq ft-day

5 1

10 1 1/2
15 2
20 ? 1/4
25 2 1/2
30 2 3/4
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WASTEWATER TEMPERATURE > 55* F

INFLUENT SOLUBLE BOD, MG/L
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Figure 8. Design curves for BOD removal. (From Att Design Manual
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process, where the area of surface media cannot be accurately assessed, a
design loading of lb/day per unit down volume is used. The manufacturer pru-
vides a design performance curve.

Hydraulic Flow and Flow Variations

The performance of the RBC process in terms of normal diurnal flow pat-
terns is reflected in the BOO removal design curves or design loadings pro-
vided by the manufacturers. Generally, with properly designed RBC units, the
hydraulic detention time of the wastewater in the RBC tankage is I to 1 1/2
hours. Based on full-scale plant operational experience, this detention time
is adequate for the specific BOO removal. It is not necessary to adjust the
design hydraulic loading to account for diurnal flow patterns. Slight changes
in the treatment levels caused by flow fluctuations do not affect the daily

average treatment performance as long as peak-to-average flow ratios do not
exceed 2.5. However, for flow ratios above this value, the design average
flow should be increased to meet the 2.5 peak-to-average ratio, or flow equal-
ization should be incorporated into the pretreatment scheme.

Ni tri fication

Wastewater may contain both organic nitrogen and ammonia-nitrogen, and
perhaps negligible amounts of nitrite and nitrate. The RBC prorpss is not
expected to remove a significant portion of the organic nitrogen because of
the short hydraulic detention time provided for such action. However,
ammonia-nitrogen can be oxidized successfully in the RBC unit if the BOO con-
centration is 30 mg/L or less (soluble BO 15 mg/L or below). At BOO concen-
trations above this value, the carbon-oxidizing bacteria predominate and out-
compete the nitrifiers. Consequently, nitrification can proceed only at a
very slow rate, if at all.

Based on their full-scale plant operations, the RBC manufacturers also
provide design curves or tables of design loadings from which the required
surface media for any level of nitrification can be determined. Similar to
BOO removal, the typical design curves (Figures 10 and 11) and the table of
design loadings (Table 7) suggest that NH3-N loading (lb/1000 sq ft-day) is
the design parameter. (NH3-N loading consists of hydraulic loading in gpd/sq
ft and NH3-N concentrations.) No established procedure is given in the design
of the Carter Bio-Drum process for NH3-N removal.
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Table 7

Nitrification Loading Ratcs, Clow Corp.
(for approximate and preliminary sizing)

Design Effluent Leading Rate

NH3-N Concentration (Influent 10 to 30 mg/L)

mg/L lb NH3-N/1000 sq ft-day

1 0.23 to 0.27
2 0.30 to 0.32
3 0.33 to 0.40

4 0.35 to 0.45
5 0.36 to 0.50
6 0.38 to 0.58

7 0.43 to 0.65
8 0.50 to 0.70

Note: The consideration on hydraulic flow variation given in BOD removal

should also be given in nitrification.

High Ammonia Concentration and Alkalinity Requirement

The design loadings for nitrification provided by the manufacturers are
based on higher rates of nitrification with higher concentrations of influent
NH3-N. There are indications from both pilot and full-scale plant studies

that for wastewater containing more than 30 mg/L NH3-N, the removal will be at
a maximum, constant rate of approximately 0.3 lb/1000 sq ft-day. Therefore,
in determining the surface media required for nitrification, one must deter-
mine the surface area required to reduce the H3-N concentration from the
influent value to 30 mg/L at a constant rate of 0.3 Ib/lO00 sq ft-day. The
balance of removal will then be ascertained according to additional surface
area, as determined from the nanufacturer's design curves or design loadings.

Wastewater alkalinity is another nitrification design factor. Hydrogen
ions generated in nitrification neutralize the wastewater alkalinity. In nit-
rification, about 7.1 mg/L of alkalinity, expressed as calcium carbonate, is
required to remove I mg/L of NH3-N. In addition, a residual alkalinity of
approximately 30 mg/L should be maintained in the wastewater to avoid fluctua-
tions in plant influent alkalinity and thus minimize the pr(;bability of
exhausting the ,astewater's buffer capacity. Depressing pH below neutrality
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will reduce the rate of nitrification. The optimal pH level for nitrification
is 8.4, although nitrifiers can grow very slowly at a pH of 6.0. Chemical
supplement to increase alkalinity may be necessary if the wastewater alkalin-
ity is low.

Temperature

Temperature affects both the rate of carbonaceous BOO oxidation and the
rate of nitrification. Low temperature slows down the biological reaction
such that a specific correction factor for each case must be applied to reduce
the loading.

All RBC manufacturers provide separate curves or tables of temperature
correction factors for BOD removal and nitrification, except the Walker Pro-
cess Corp., which provides one curve applicable to both cases. Most manufac-
turers recommend that the temperature correction be applied when the wastewa-
ter temperature is below 550F (12.6 0C).

No adjustment to higher loading is allowed for wastewater temperatures
higher than 55OF (12.6 0C). Only Autotrol Corp. allows adjustment to higher
NH3-N loading when the wastewater temperature is above 55

0F (12.60C) (up to
650F [18.2 0C]). Since NPDES permits usually require lower NH3-N levels in the
effluent, a larger surface media requirement would be needed. Allowing
adjustment to higher NH3-N loading in the design when wastewater temperature
is higher will result in some saving of the surface media.

It is much more difficult to establish a significant population of nit-
rifiers on the surface media during the winter. Consequently, it is prefer-
able to start a new RBC facility in warmer weather. Optimal control of alka-
linity and pH may improve cold-weather operational characteristics.

Combined BOD Removal and Nitrification

RBC is often used for combined BOD removal and nitrification, particu-
larly in trickling-filter plants. Here, amonia-nitrogen can be reduced both
through metabolism by the heterotrophic bacteria during BOD removal, and
through desorption (stripping) of NH3-N at a pH of 7.0 or above in the well-
agitated environment of the RBC unit. Nevertheless, these two mechanisms are
generally not considered in design, since they provide only limited NH3-N
removal. The main mechanism of NH3-N removal is still nitrification by nitri-
fying organisms.

When an RBC system is designed for both BOD removal and nitrification,
the surface media required should be calculated separately for (1) reduction
of soluble BOD to 15 mg/L, (2) reduction of ammonia to the design level, and
(3) reduction of soluble BOO to the design level. If the surface media
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requirements for (1) and P?) are added and their sum compared with the
requirement for (3), the greater amount is the minimum area required for this
application.

Staging of Units

It has long been established that a plug flow reactor is more efficient
than a completely mixed reactor in chemical and biochemical reactions. There-
fore, the arrangement of RBC media in a series of stages significantly
increases treatment efficiency when high-quality effluents are required.
Retaining the concept of first-order kinetics of substrate removal, organisms
on the first stage of the media are exposed to a high substrate concentration
(BOD or NH3-N) and respond by removing substrate at a higher rate. Although
the removal rate decreases from stage to stage as the substrate concentration
decreases, the average removal rate is greater than if all the media were in a
single completely mixed stage, where the organisms would be exposed to a rela-
tively low substrate concentration.

Staging of surface media also has the advantage of allowing specific
microbial cultures to develop during stages most conducive to their purpose.
Heterotrophs are established in the first few stages where significant BOD
removal occurs; this enables nitrifying organisms to develop during the latter
stages, where nitrification occurs.

Since the first stage receives the highest loading of BOD, the biomass
may grow to undesirable thicknesses; a significant portion of the mass may
then become anaerobic, and cause undesirable forms of microbial life to
develop. Many RBC plants have experienced a limited oxygen condition as a
result of this situation. To mitigate this situation, the equivalent BOD
loading, corrected fop' temperature and septicity if applicable, should be Cal-
culated for the first stage and compared with the allowable limit recommended
by the manufacturer. If the first stage equivalent loading exceeds the allow-
able limit, the first stage should be expanded by one or more units until the
equivalent load is less than the allowable limit. The Autotrol Corp. provides
a design curve to determine the surface media requirement as a percentage of
the total surface media.

High-density media are for thinner biomass growth. Only nitrification
and/or latter stages of the RBC system receiving low BOD concentration should
use high-density media. The amount of high-density media allowable for a
specific application can be calculated (as in the examples in Chapter 5) or
determined from design curves provided by the manufacturers.

Generally, a minimum of four stages is providpd for any RBC system. The
baffle between the first and second stages should be removable. If necessary,
the first sti~qe can then be expanded to eliminate an oxygen limiting condition
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or tc increase the system's capacity to dilute toxic Lhemir l, in th(
influent.

Peci rcul ation and Step-Feed Control

Most RBC manufacturers do not design for effluent recir~ulatior. Under

normal operation with d properly designed RBC systpm, re(irculation ,0oes not
improve operation or effluent quality. However, it is desirable when the
inflow rate is at its high and low extremes.

At small DA STPs, whire the wastewater inflow may drop signifiiantly for

days, such a lengthy period with very little food will starve th( hiofilm, ano
there will be inadequate biomass to provide the desired treatment when the

normal inflow restarts. During this extremely low organic loading period,

flow should be recycled through the sludge hold/treatment units ind then to

the RBC units; the organic load from the sludge unit- will help maintain the

biofilm, and, as a secondary benefit, help stabilizt and reduce the sludge.

If the RBC system receives an unexpected organic load or toxic load above what

the designed condition allows for, recirculation of the RBC ettluent will
dilute the organic or toxic load. Furthermore, the diluted load will be dis-

tributed more evenly to the biomass throughout the wholp P C system, and

treatment upset can be avoided. Since the recycled flow can he adjusted from
a fraction of the inflow to several hundred percent of the inflow, the over-

load situation, whether small or large, can be controlled without lowerin9 the

effluent quality. This adds to the flexibility of RbC -ystem operations.1

however, recirculation also adds to the first cost of the RBC system.

To some extent, the organic overload or toxic load conditior can be
relieved by removing baffles between stages or by step-feed ,f the influent.

Step-feed provides lower-quality effluent because of the very short hydraulic

detention time allowed for the organic load in the last stages. Also, in com-

parison to recirculation, the decree to which the organic or toxic load is

diluted is limited by using either baffles or the step-feed scheme. However,
unlike recirculation, removing baffles or step-feed is not power-intensive.

Supplemental Air and Air-Drive RBC

The addition of supplemental air in the RI3 tankage at normal loaoinqs
does not improve the RBC process. Supplemental air is beneficial only where

the first stages are organically overloaded and there is an oxygen limiting

situation. Since supplemental aeration requires large amounts of energy, a
more effective use of energy for facilities under design would b,' to ;,rvide.
additional RBC units rather than large amounts of supplemental al The

T .P.C. Poon, et al., "Factors Controlling the Performance ot RFC," J. W;PJF
51 (March 1Q79), p 601.
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air-drive RB( system, marketed only by Autotrol Corp. under the trade name of
Aero-Surf Process, provides plenty of air in the entire RC unit. Conse-

quently, the oxygen limiting situation is completely eliminated. However, the
energy expenditure required to supply this air is a concern. The Aero-Surf

process design criteria are based on pilot-plant experience. Autotrol Corp.

is collecting full-scale plant operating data which will be used to confirm or

modify the existing design criteria.
15

For the specific application to upgrading trickling-filter facilities, it

is unlikely that RBC design will allow organic overloading in the first

stages. Even if organic overloading might occur in an emergency situation,

the first choice of remedial actions should be removal of the baffles between

the affected stage dnd the next stage downstream. Supplemental air or air-

drive RBC are not likely candidates in this unique RBC application. However,
if air-driven RBC units are considered, Autotrol Corp. (currently the only

manufacturer of air-drivin RB(s) suggests using the same design criteria as

used in the mechanical-drive RBCs to determine the surface media requirement

for both BOD removal and nitrifi'ation. Also, temperature correction factors

will be the same as for the mechanical-drive RBC systems.

Air requirements depend on the speed of rotation. The first-stage units

are usually rotated at 1.5 rpm, and the latter-stage units at O.P rpm. For
25-ft shaft units, usually 1% ACFM (absolute cu ft/min of ambient air) is

recommended per shaft for ].5 rpm rotational speed and 60 ACFM per shaft for

O.8 rpm. However, 250 ACFM per shaft is recommended for installed blower
capacity, with the operating blower capacity set at a level 33 percent higher

than the estimated consumed air requirements. For small, air-driven RSC
installations with less than ?0O0 ACFM operating blower capacity, one operat-

ing blower sized to provide 133 percent of the estimated consumed air require-
ment and a second stand-by blower of equal size are recommended. On larger

installations, three equally sized blowers, each capable of providing 66.7

percent of the estimated consumed air requirements, are generally preferable.

Clari ficat ionI

Suspended ,nlid& from th( Pf,( effluent may be separated by standard-

design, se(ondary clarifier, providing a surface overflow rate of 800 gpd/sq

ft (32.6 m/m 2 -day) for a 30()/3U effluent (30 mg/L ROD and 30 mg/L suspended

solidsl). The ove-rflow ratt should be reduced for .ffluents with lower levels
of HOD and suspended solids. Table P shows th, clarifier design criteria

recommended by most RB(. manufa( turers. Typical tertiary filtration uses a 2-
ft layer of anthracite coal above a ?-ft layer of sand and a ?-ft layer of
gravel with a filtration rate cf about 3 qpm/sq ft (172.8 m3 !m2 -day).

T-A-utotr~ol WatWater _reatmnt (ys t,m Design Manual (Autotrol Corp., 1979).
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Table 8

Criteria of Clarifier Design for RBC Effluent

Fffluent Sus- Clarifier Additional

pended Solids Condition of Overflow Rate Suspended Solid
mg/L RBC Effluent gpd/sq ft Removal Requirement

30 Secondary 800 no

effluent

20 Secondary 600 no
effluent

15 No 500 no
nitrification

10-15 Nitrified 500 Chemical flocculation
prior to clarification

<10 Nitrified 800 Chemical flocculation,
clarification, and
tertiary filtration

Typical tertiary filtration uses a 2-ft layer of anthracite coal above a

2-ft layer of sand and a 2-ft layer of gravel with a filtration rate of about

3 gpm/sq ft (172.3 m3/m2-day).

Sludge Production

Like other biological processes, the quantity of sludge produced by the

RBC process depends on the extent of BOO removal. Increased endogenous

respiration or increased sludge age decreases the rate of net solids produc-

tion. Sewage characteristics and temperature also affect sludge production.
Generally, sludge production is slightly lower than for suspended growth sys-

tems and approximately equal to that of trickling filters. The sludge age of

50

6 M . . . . , . . . . . . . . . .. .. . ... . . . ... . _ ... .



an RBC system is about 20 days 16 longer than that of activated sludge
processes, which helps explain the discrepancy between sludge production in
RbC and suspended growth systems.

Data from Autotrol Corp. show a sludge y4-ld coefficient of 0.05 to 0.5
lb per pound of soluble BOD removed. The yield coefficient increases as the
soluble BOO concentration in the RBC effluent increases. Adding this sludge
yield to the influent suspended solids concentration represents the sludge
input to the clarifier. The net sludge production depends on the capture of
the suspended solids in the clarifier. About 0.4 to 0.6 lb of sludge are pro-
duced per pound of total BOD removed.

Land Requirements

Once a decision is made to upgrade an existing Facility, the planner must
consider the land requirements of the selected retrofit system. There must b(
enough space to install the shallow tankage used with the RBC units.

Most RBC units are up to 12 ft in diameter and have up to 26-ft-long
shafts, although the customer can specify special sizes. A larger RBC module
will provide more surface media per unit of land area. The largest RBC
modules available provide 100,000 sq ft of standard surface media (150,000 sq
ft of high-density media) and require a floor space from 450 to 500 sq ft
including walkways between tankages and other access floor space. An RBC
facility designed for both BOD removal and nitrification of typical domestic
wastewater will require about 3000 sq ft of land area for 1 mgd of flow. Land
area rEquirement is linearly proportional to flow rates. A smaller surface
media requirement may decrease the amount of land area needed depending on the
degree of nitrification required. The RBC units for such application, includ-
ing walkways, may occupy 2500 to 3000 so ft of land area for 1 mqd/day flow.
More detailed information regarding the influent characteristic (soluble BOD
concentration, NH3-N concentration, temperature, septicity, etc.) and effluent
quality (BOD, suspended solids, NH3-N, etc.) will be needed to determine the
land area requirement more precisely (see the example calculation in Chapter

5).

The Carter Bio-Drum prn(ess has a standard drum size of R-ft diameter by
8-ft length; usually one shaft serves two drums. A two-drum-per-shaft module

occupies approximately 400 -q ft of floor space, including walkways. The
Bio-Drum proces generally receives a higher organic load per unit volume than
conventional R13C units. Therefore, less land space is required; (.a , an

TC.P-(.-Poon, t al .-, Evaluation of an RBC System to Upgrade Trickling Filter
E ff luents, paper pres-- Jit-t v at e-- r 6F on P ec-n~of-
-y,P7ttsurqh, PA (February 1q80), Vol I -- PB81-124539, Vol 2 -- PB81-
124547.
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estimated 2000 sq ft of land area is required for a 1 mgd/day flow, including
walkways.

RBCs can be installed in existing clarifiers, so no additional Idnd is
required. However, this approach is more applicable in situations where land
is extremely limited.

Tankage Volume

RBC manufacturers recommend both flat-bottom and contoured tanks for the
rotating media. The tanks can be constructed of either steel or concrete.
The hydraulic detention time of the wastewater in the tank affects treatment
efficiency. Longer detention times of up to 45 min to I hour give a higher
degree of treatment; however, beyond this amount of extra time, no further
improvement of performance will be realized. Data provided by Autotrol Corp.
indicate that optimal tankage volume is about 0.12 gal/sq ft of surface media,
taking into account the wastewater displaced by the media and the attached
biomass in the tank. This value applies to wastewaters with a BOD concentra-
tion up to 300 mg/L. Baffles to separate the various stages of RBC can be
constructed of a variety of materials, including fiberglass, redwood, and
reinforced concrete. Removable baffles should be considered for the first two
stages as a possible remedy for the organic overloading condition. Bottom
openings of various sizes between the different stages are recommended by RBC
manufacturers.

Enclosure

All RBC installations must be enclosed or protected from freezing tem-
peratures and excessive heat loss from the wastewater. Even in Warmer cli-
mates, a sun roof is required to protect the polyethylene media from 1~tr
violet light degradation and to minimize algae growth on the media, Some
installations are constructed completely within one building, while cthers Usc

individual covers. Buildings can be constructed of any suitablc corrosicn-
resistant material. Individual, molded fiberglass covers are provided by PF(
manufacturers. Each cover is equipped with a man-access-door and an irrspe*
tion port. The drive mechanism is generally outside the cover, which elim-
inates t1,, need to enter the enclosure for routine maintenance. When the RP
installation is housed in a building, openings for proper ventilatior, shouln
be provided. Operators in a few enclosed RBC installations have experienced
difficulty in breathing, because oxygen is quickly consumed by the actively
growing biofilm.

At low ambient air temperatures, the high humidity in the building will
cause condensation on the walls and ceiling. Consequently, insulation ard/ot
heating should be provided to minimize condensation, corrosion, and operator
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discomfort. Heating of Ittc unclosurc to a minimum temperature of 550 F
(12.6 0C) is recommended.

The rates of both BOD r,,moval and nitrification decrease during the

winter when wastewater temperatures are lower; this will lead to a larger sur-

face media requirement and the need for more RBC units, thus increasing both

the first cost and O&M (osts. A design engineer can estimate whether the

added cost of maintaininQ a temperature of 55°F (12.6°C) ano a forced ventila-

tion in the encloc.ure can be partially or completely offset Dy the savings

provided by a smaller instal ,ation.

i ffectiveness Under Chanqing -_i,,ate and _Loading Conditions

Operational experience in the United States has shown the reliability and

effectiveness of the RBC pro(ess under changing climate ano loading condi-

tions. However, comparison with the activated sludge process shows that RBC

operations lack process flexibility. Activated sludge process can adjust to

increased or decreased organic loadings by increasing or decreasing, respec-

tively, the rate of aeration, resulting in more uniform effluent quality.

More significantly, the RHC process lacks the important control of food-to-

biomass ratio which activated sludge processes can provide through sludge age

regulation. However, a properly designed RBC installation that uses the

proper loadings, stagings, tankage volume, enclosure, etc., should produce the

designed effluent quality.

Since an RBC system resembles a plug-flow process more than a completely

mixed process, its effluent quality is more sensitive to influent characteris-

tic changes such as tempera i.ure, organic loadings, and toxic loadings.1 7

Nevertheless, this problem can be eliminated early in the design stage. It

must be noted that the operator of an activated sludge process must have con-

siderable training and skill to exercise the relatively sophisticated controls

that provide this system's ope'ational flexibility. RHO's operational simpli-

city, which is its biggest advantage, must be kept infact and a design feature

introduced that could guarantee specification performance under varying cli-

mate and loading conditions.

First, the lpvel of effluent quality under the NPDF nermits (negotiable

with regulating agrnciesi most he defined clearly. Some permits may includc a

cons.tant maximum effluent iuality limitation, regardless of temperature,
stream flow, wastewater pak flow, tc., and may require that the RR( fa(il i-

ties be designed to meet effluent limitations at worst conditions. The

required media area can be obtained by calculating the highest organic loading

(the maximum multiplication product of the flow rate and the organic conen-

tration). The effluent quality will then meet the requirements at the highest

17M. P. Filion, et al., "Performance of an RBC Under Transient Loading Condi-
tions," I. FPCF, 51 (1079), p 1925.
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organic loading (pounds of soluble BOD/1000 sq ft-day) and will be of a supe-
rior quality at lower or average loadings. It is possible that a lower
organic loading in combination with the lowest wastewater temperature will

result in a requirement for a larger media area. It is also possible that tfl;
lowest temperature will occur with the highest organic loading to create the
worst possible condition. This extreme represents the largest media area at
which the maximum effluent quality limitation will not be exceeded. However,
regulating agencies seldom impose such severe limitations except in critical
areas to avoid wasteful under-use of a facility.

Some permits may allow discharge of an effluent whose average nuality
(monthly, weekly, or daily) meets the effluent limitations, with a higher
value designated as an allowable maximum or peak. Design of the RBC facili-
ties can be based on average organic loading, provided that the effluent qu.!-
ity at the highest organic loading condition does not excepd the allowable

maximum limit. If the allowable maximum limit is exceeded, the required media
area must be adjusted upward accordingly. This situation applies mostly to
BOD removal. An additional design consideration is that the peak-to-average
flow ratios should rot exceed 2.5. As mentioned previously, either the design
average flow should be increased so that it always meets the 2.5 peak-to-
average ratio, or flow equalization should be incorporated into the pretreat-
ment scheme.

A third permit format, which includes either average or constant daily
effluent limitations, may vary the effluent quality limitation between summer
to winter to reflect the different temperatures and receiving stream flow
rates. This condition is most applicable to NH3-N limitations, since durinq
the winter, receiving streams usually have a higher flow, which provides
better dilution; regulation agencies recognize that nitrification is more dif-

ficult to accomplish at lower temperatures. Calculations of both summer and
winter media area should be carried out, with the larger media area control-

ling the design.

When all the considerations discussed in this section have been included
in the design, the RBC process can be effective and reliable in producing

effluents that meet the required quality standards.

Operation?1 and Maintenance Requirements

RBC O&M is very simple, with requirements limited to (1) occasional remo-
val of baffles in the first stages, (2) change of drive-speed (to minimize an

oxygen limitation condition in the presence of high organic loadings or when
reducing chemical loadings), and (3) occasional partial shutdown of the facil-
ity when flow and organic loading over a lengthy period are too low. Small

facilities with weekend and holiday zero flow rates may require recirculation
of effluent (see p 48). Routine maintenance includes inspection I to 2
minutes/day/shaft, bearing lubrication once a month (some manufacturers
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provide lubrication-free beirings) , and changing oil in thr drive gears on,.,
every 6 or 12 months.

According to Autotrol Corp.'s field data, G&M manpower requirements are
approximately I manhour per shaft assembly per week for facilities with 4 to
10 shafts. This requirement decreases to 0.5 manhour per shaft assembly per
week for facilities with 20 to 30 shafts. The Aero-Surf process indicates
that these manpower requirements may be reduced by 50 percent if the multiple
mechanical-drive assemblies are eliminated. Figure 12 shows the relative
manhour requirements of activated sludge, trickling filter, and RBC plants of
various design flows.

Operational Skill Requirement

The simplicity of RBC operation requires no special operator training.
Any operator qualified to operate a trickling filter can operate an RBC facil-

ity. Occasional checks of organic loadings, flow rates, pH, and alkalinity
control in the case of nitrification are the only major operational require-
ments for RBC units.

Energy Requirement

Data on RBC energy requirements are inconclusive. The low and high esti-
mates supplied by RBC manufacturers vary widely. Installed horsepower varies
from 5 hp per shaft (Autotrol's 25-ft shaft, Carter Bio-Drum's dual-drum 20-ft
shaft, and Walker's 26-ft shaft) to 7 1/2 hp per shaft (Clow's 26-ft shaft).
For typical municipal installations, power consumption is generally cited as
3.0 hp/100,O00 sq ft of surface media. Carter Bio-Drum reports 2.5 hp/1000 cu
ft or higher power consumption. In terms of horsepower consumption or
kilowatt-hour consumption per I mgd/day flow, reported values vary greatly,
with the high values being as much as 500 percent greater than the low values

(8 to 40 hp/mgd).

Several explanations can be offered for these discrepancies. First,
higher BOO influent produces greater biomass accumulation on the surface
media, which increases the power consumption required to overcome the torque.
Lower BOD loadings (pounds of soluble BOD/1O00 sq ft-day) therefore consume
less power. Second, all manufacturers offer either a constant-speed motor or
a two-speed motor in conjunction with a gear speed-reducer. (A gear speed-
reducer, which reduces RBC rotational speed, actually increases power consump-
tion.) Finally, many new plants have flows below their design levels, and
instead of partially shutting down their facilities, they operate all RBC
units to obtain superior effluent. This leads to higher power consumption per
I mgd/day flow than anticipated. The average RBC value of 24 hp/mgd for
secondary treatment, which is equivalent to 1.58 x 105 kWh/yr consumption for
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maintenance for various processes. (From Autotrol-
released information.)
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1.0 mgd flow, is lower than estimated by an EPA report. 18 Table 9 lists some
of the EPA estimated power consumptions for various treatment procpsses. It
appears that the EPA estimates of RBC power consumption are high. Using the
latest testing data and operational data from the Plainville Plant in Connec-

ticut, BOD removal and nitrification will consume about 2.4 x 105 kWh/yr per
mgd/day flow. The EPA estimate in Table 9 for both secondary treatment and
nitrification would range from 3.2 to 4.3 x 105 kWh/yr. Information regarding

influent BOD concentrations, NH3-N concentrations, and effluent limitations
must be known to estimate RBC power consumption more precisely. Chapter 5
provides an example of calculations to obtain this information.

Autotrol Corp. claims that the power consumption of the Aero-Surf RBC
system is comparable to that of mechanical-drive RBC systems. However, at
lower hydraulic loadings (0.5 to 1.0 gpd/sq ft), the Aero-Surf power

Table 9

Estimated Power Consumptions for Various

Treatment Processes, kWh/yr

Process Plant Capacity

1. Secondary Treatment 0.1 mgd 1.0 mgd 10 mgd

High rate TF, 7.0 x 103 6.5 x 104 5.5 x 105
rock plastic 1/8 x 104 1.7 x 105 1.4 x 136

RBC, standard 3.0 x 104 3.1 x 105 3.3 x 106

high density 2.0 x 104  2.0 x 105 2.0 x 10-

Activated Sludge
coarse bubble 3.0 x 104 3.0 x 105  3.0 x 106
fine bubble 2.3 x 104 2.3 x 105 2.2 x 106

mech. aeration 1.4 x 104 1.5 x 105 1.5 x 106
tur. sparger 2.0 x 104 2.0 x 105  2.0 x 106

2. Nitrification

Suspended growth 1.7 x 104 1.7 x 105 1.7 x 106

Fixed film 1.5 x 104  1.2 x 105  1.1 x 106

1 Energy Conservation in Municipal Wastewater Treatment, EPA 430/9-77-011

(USEPA, Mari-__ 98)-.
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consumption would be as little as one-half that of mechanical-drive processes,
because air requirements and rotational speeds would be reduced significantly
when loadings are low. Therefore, the application of Aero-Surf to upgrading
trickling-filter facilities is promising. Figures 13 and 14, respectively,
show the air requirements for various rotational speeds and various organic
loadings. Blower sizes and power consumptions can be estimated when air
requirements are known (see the example in Chapter 5). Despite the potential
of the Aero-Surf process in such an application, no existing plant has used it
to upgrade a trickling-filter facility. Consequently, there are no cost and
operational data. However, some operational data have been released recently
for use of the Aero-Surf process in secondary treatment.19

Process Scheme Selection to Upgrade Trickling Filters

As discussed previously, RBC units can be placed at various locations in
a trickling-filter facility. The following discussion gives the advantages,
disadvantages, and practicalities of the various schemes.

[eC Fr tr~car' 07ariJiG r3

Where land for expansion is extremely limited, this scheme is a promising
candidate. However, even though it has been demonstrated that RBCs in prima,y
clarifiers can upgrade treatment performance to meet secondary treatment
effluent quality, there are difficulties and disadvantages associatea with
this scheme.

1. The technique is not suitable for facilities with circular clarif-
iers.

2. Pretreatment of the raw wastewaters is required to remove grit,
trash, and flotables which interfere with RBC operations. A rough screening
is necessary to remove large fibrous material which passes through high-rate
primary treatment. One or more of the existing primary clarifiers must be
used as a high-rate primary treatment unit to reduce the number of primary
clarifiers available for this scheme. New RBC tankage must be used for some
of the RBC units.

3. Placing the RBC units on top of the primary clarifier and an inter-
mediate floor below them reduces the clarifier's suspended solids removal
efficiency by 25 percent.

19M. M. Schirtzinger, et al., First USA Air Drive RBC Units Operational [X-
perience and Performance, Indian Creek Wastewater Treatment Planht inna-
ti (Cleves), Ohio, paper presented at the First National Sym-s-um--oTn

Technology Pittsburgh, PA (February 1980), Vol I -- PB81-124539, Vol 2 --

PB81 -124547.
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Figure 13. Air requirements at various rotational speeds for the Aero-Surf
process.(From Autotrol Corp. data, 1979.)
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Figure 14. Air requirements at various organic loadings for the Aero-Surf
process. (From Autotrol Corp. data, 1979.)



4. Eitt~er RBC units must be custom-made to fit existing primary claril
iers, or the primary clarifiers must be modified to fit standard-sized RKC
units.

5. There is some design uncertainty regarding what surface media
requirement is necessary for the existing filters to remove the remaining BOD
and also obtain nitrification commensurate with stipulated effluent qualitips.

6. Existing primary clarifiers must be modified significantly (modifica-

tions to the sludge scraping mechanisms, installation of the intermediate
floor, etc.). A tight compliance schedule is not feasible, so interruption of
plant operation is unavoidable.

7. Based on the Edgewater plant experience,20 the cost of converting
existing clarifiers is comparable to, if not higher than, the cost of provid-
ing new tankage for all RBC units.

8. For most plants, the primary clarifier is the only unit that equal-
izes flow before the secondary treatment. Such equalization is completely
lost in this scheme and would affect RBC performance more than a scheme plac-
ing RBCs after the primary clarifiers.

In light of these disadvantages, this scheme should not be used unless abso-
lutely necessary.

There is no existing plant using this scheme. The disadv3ntages listed
in (1), (3), (4), (6), and (7) of the previous section also apply to this
scheme. Consequently, it is not a preferable choice unless land space is
severely limited.

.i, J ? aral : 1,

This scheme can be used as long as sufficient land space and enough
hydraulic head (only 6 in. or less head loss for a six-stage RBC system) are
available. The advantage of this technique is that a stronger BOD influent
will ach-4ve a higher specific removal rate and c superior performance.2 1 The
newly installed RBCs will relieve the existing trickling filters. However,
the problem of design uncertainty still remains; i.e., how to determine the

2WClinton Bogart Assoc. and Hydroscience Assoc., Inc., Preliminary Report to
EPA on Upgrading Primary Tanks with RBCs (November 197.

21R. A. Sullivan, et al., Upgrading Existing Waste Treatment Facilities Util-
izing the Bio-Surf Process, paper presented at the First Nationa--ym-osiu-
on RBC Technology, Pittsburgh, PA (February 1980), Vol I -- PB81-12439, Vol
2 -- PB81-124547.
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surface media requirement so that both the new RBC units and the relieved
trickling filters produce relatively similar effluent quality that meets BOb
and nitrification requirements. Filter performance depends on how much relief
they receive, and there are no data available to guide the design or to
predict the filter effluent BOO and NH3-N concentrations.

ce Yt(z rl'~ Ot

This scheme is considered to be the best of the four discussed here.
Since data on trickling-filter effluent characteristics are available at each
facility, personnel can use the guidelines presented on p 67 to determine
their surface media requirements. The difficulties associated with the other
schemes do not occur with this technique. This scheme, which produces more
predictable effluent quality, is recommended as long as enough land space is
available. Another option with this technique is placing RBC in front of the
trickling filter in series; here, RBC would be designed for BOD removal, and
the trickling filter would remove any remaining BOO and perform nitrification.

Site Preparation

The approach and unloading areas must be leveled and firm to withstand
the weight of a fully loaded delivery truck. According to Autotrol Corp., a
25-ft shaft unit has a shipping weight of 23,170 lb. The tractor and trailer
for delivery have an overall length of 55 ft, requiring a 46-ft turning
radius. The minimum required road bed width is 12 ft, 6 in., and the minimum
overhead clearance required is 16 ft. Similar instructions are provided by
other manufacturers. Storage area should be provided before the RBC units are
installed.

Compliance Schedule

Some facilities demand a tight compliance schedule. George A. Hormel and
Company gives the following installation schedule when the tankage is in place
and ready for RRC unit installation.

1st shaft - 1/2 man-day
2nd shaft - 1/3 man-day
All others - 1/4 man-day

where one man-day =crane operator, supervisor, and
two workmen.

Contractors with less experience may require a longer installation time. No
data are available on the installation time requirements of air-drive RBC
units.
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Equipment Durability

In the 10-year history of RBC application to wastewater treatment , there
have been reports of structural failures at a few facilities, and the industry
is trying to rectify such problems. The durability of the equipment, particu-
larly, the polyethylene surface media, is still uncertain because of the short
service record (most plants with RBC systems were built during the past 3
years).

All manufacturers offer a warranty against defects in materials and work-
manship after delivery or after plant startup. The warranty period and condi-
tions vary, depending on system components and the manufacturer, and are often
negotiable. For example, the Plainville plant* in Connecticut was given a
warranty period of 30 years for the shafts, 10 years for the surface media,
and 5 years for mechanical equipment.

Performance Guarantee

Many RBC manufacturers offer performance guarantees that generally pro-
vide a specified effluent with the equipment installed and operating at desiqn
conditions. The guarantee usually obligates the manufacturer to provide new
equipment or a partial refund if the design effluent standards are not met.
This guarantee is predicated on the fact that influent characteristics are
within the specified limit. Generally, the manufacturers are willing to nego-
tiate a guarantee as long as they agree with the treatment system design.
Appendix A gives the conditions of a typical RBC process performance guaran-
tee.

Media/Shaft Failure

Use of RBC units for purposes other than those intended and designed for
is not recommended. The following is a description of an RBC used for an
application for which it was not designed.

An existing sewage treatment plant facility chose to upgrade its two
existing trickling filters with RBC technology. The RBCs were designed to
treat the iffluent from the two trickling filters. After the RBCs had been
installed and operational for a significant period, a decision was made to
"take the trickling filters off-line' for a short time (time enough to replace
the old rock media with new rock media). Before the trickling filters we.re
placed on-line again, a controversy arose regarding whether the tricklinco
filter rock media met specifications. Consequently, the trickling filters
were not placed on line in a timely fashion and the RBCs were required to
treat a wastewater with strength and other characteristics the PBC train

*Equipment manufactured by Clow Corporation.
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simply was not designed to handle. This caused the RBCs to be overloaded
organically, which resulted in growth of a shaggy, heavy biomnass.

Because the RBC plant was not being operated according to its designed
purpose, the manufacturer has indicated that certain portions of the warranty
may not be valid.

The RBC plant seems to be operating without noticeable structural prob-
lems. The facility operators have begun a scheme of periodically reversing
the flow of the RBCs into the direction of the wastewater flow. This tech-
nique causes large quantities of the heavy, shaggy bacterial growth to slough
off, reducing the strain and helping prevent the design load of the media/
shaft from being exceeded.

In an incident at another sewage treatment plant, trickling filters were
permanently taken out of service in favor of construction of a new
secondary/nitrification RBC plant with 3b RBC units. After a fpw years opera-
tion, media began breaking away from the drive shafts in certair. units and
shaft failures occurred or were suspected in other units. This problem is
expected to be very expensive to fix. The media and/or shafts on some of tile
units will have to be replaced. Supplemental aeration may be added to some of
the RBC units.

63



5STEPWISE APPROACH IN PROBLEM SOLVING

This chapter explains the steps to be taken when upgrading trickling-
filter facilities with RBC. Example calculations show how to estimate surface
media requirements, system configuration, land requirements, costs, energy
requirements, etc. Since each facility is unique, the calculations are
intended only to demonstrate the suggested design approach. The information
derived from these calculations can best be used to compare RBC technology
with other alternatives.

Characterization of Existing DA Trickling-Filter
Plant Wastewater Characteristics

The first step is wastewater characterization -- specifically the quan-
tity and quality of the trickling-filter influent and effluent and the secon-
dary clarifier effluent. Past operational data will provide much of this
in~formation. The following data should be collected:

1. Hydraulic flow rates, including daily, weekly, and monthly varia-
tions (peak flow and duration, low flow and duration, and average flow, if
possible)

2. Ambient air and wastewater temperature

3. Dissolved oxygen

4. pH

5. Alkalinity as CaCO3 (phenolphthalein and total)

6. Total BOO5

7. Soluble BOD5

8. Total suspended solids

9. Volatile suspended solids

10. Presence of toxic chemicals.

Soluble BOD5 means the BOD5 of a sample after it has passed through a
0.45-micron filter. Samples taken from trickling-filter effluents and secon-
dary clarifier effluents should also be tested for nitrifying inhibitory chem-
icals such as allythiourea, if the regulatory agency accepts this practice, so
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that the measured tOD5 truly represents carbonaceous HOD. Partially nitritied

effluents exert nitrogenous oxygen demands which would cause soluble BODFr

values to he too high.

If there is any reason to suspect that the facility might receive some
toxic chemical that would interfere with the treatment process, the wastewater
should be analyzed for toxic substances. Table 10 lists some toxic chemicals
and the concentrations at which they inhibit aerobic processes (including RPC)
required for BOD removal and nitrification. Every effort should be made to

eliminate these chemicals or to reduce their concentration to below inhibitory
levels, either by eliminating the source or by chemical treatment. Adding RBC

will be futile if poor effluent quality is beiny caused by toxic substances.
A knowledge of the other data contained in Table 10 is also important to suc-

cessful REC dtsign.

Wastewater characterization should reflect the periodic inputs of side
stream loadings. Side streams with a high BOD and suspended solids content

originating from sludge holding/treatment units may create a transient over-

loading situation, thus causing a temporary deterioration of effluent quality.

Establish Effluent Quality Standards With

the Regulating Agencies

Section 4 of TM 5-814-82 provides guidance for Army coordination with
regulatory agencies to establish wastewater treatment reouirements. There are

three NPDES permit formats (see Chapter 4), and it is important to clearly

define the level of effluent quality required by a specific permit.

Every effort should be made to negotiate for relaxation of the effluent

quality during winter operations in cold climate regions. This is particu-
larly important for NH3 -N concentrations, where a higher level can substan-
tially reduce surface media requirements. For example, the State of Connecti-

cut issued an NPDES permit for the Plainville Treatment Plant under which tht
removal efficiency of NH3-N can he based on the following influent tempera-

tures:

Influent Temp. NH3-N Removal NH3 -N Conc.
oC OF mg/L

>15 5q 95 .1
10-15 50-5) 9O 2.2
5-10 41-5( 75 5.5

7 valuation Criteria Guide for Water Pollution Prevention, Control, and
bt-eme-nt Pt-1fs7 T4- T- ( D e p partmen t o f ite-rmy-., uT-T7 T6
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Table 10

Information on Materials Which Inhibit
Biological Treatment Processes

(Information taken from Table 10-3 from TM 5-814-3, AFM 88-11,
Vol. 3, p 10-9, and Table 1 from Preliminary RBC Design

Manual, Clow Corp.)

Inhibiting or Toxic Concentrationa mg/L

Aerobic Anaerobic
Pollutant Processes Digestion Nitrification

Copper 1.0 1.0 0.05-0.5
Zinc 5.0 5.0 0.1-0.5

Chromium (Hexavalent) 2.0 5.0 2.0
Chromium (Trivalent) 2.0 2 ,00 0 b *

Total Chromium 5.0 5.0

Nickel 1.0 2.0 0.25-0.5
Lead 0.1 * 0.5

Boron 1.0 *

Cadmium *0.2
b

Silver 0.03 *

Vanadium 10 *

Culfides (S:} *Ob 500

Sulfates (S04) * 500 *

AmMonia * 1,500
b

SOdlium Na ) * 3,500
Potassium (K0) * 2,500

Lalcium (Ca**) 2,500
Maqnesium Mq**) * 1,000 50

Acrylonitrite *5.0
b

Benzene * 50
Carbon Tetrachloride *o

b

Phenol 5

(-hloroform 18.0 0.l
b

Methylene Chloride 1.0

Pentachlorophenol * 0.4
2,4 Dinitrophcnol 150

1,1,1 Trichloroethane *1.0
b

Trichlorofluoromethane 0.7

Trichlorotrifluoroethane 5.0 *

Cyanide (HCN) 1.0 0.3-2.0
Total ')il (Petroleum oriqin ( 50 50 50

r,'sol

nsuffci ent data available to determine effect.

4 Paw wastewater concentration unless otherwise indicated.

b Iiqpster influent concentration nnly; lower values may he required for

protection of other treatment processes.

Pptroleum-based oil concentration measured by API Method 733-5B for deter-

mininq volatile and nonvolatile oily materials. (The inhibitory level does
not apply to animal or veqetable oil.)
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When the influent temperatur(" drops from 5J°F (average) to 45OF (average) no
extra surface media is required if the percentage of NH3 -N removal can be
decreased from 90 to 75 percent (effluent NH3-N concentration increases from

2.2 to 5.5 mg/L). If 2.? mgiL of NHj-N were to be maintained at a 45°F aver-

age influent temperature, the surface media requirement would have to be
increased by a factor of 1.75i? Lower nitrification rates and more dilution

water in receiving rivers during the winter are the legitimate reasons for

requesting relaxation of effluent quality standards. For the same reasons,
negotiation for higher suspended solids and BOD concentrations in winter
effluents is also possible.

Determination of RFC Surface Media

Requirement and System Configuration

The scheme of placing RBC units after a trickling filter in series opera-

tion is considered to be best, because it reauires the least physical modifi-

cation to the facility and provides the most efficient and economical upgrad-
ing of effluent. The following type of data can be obtained from existing

plant records and by recent samplings and analyses:

Inflow 1 1.0 mgd design average, 2.0 mgd peak rate

Trickling Filter Effluent = 40 mg/L soluble BOD 518 mg/L NH3 -N

48-6 0 °F temperature

pH 7.0

200 mg/L total alkalinity as CaCO 3

5.0 mg/L dissolved oxygen

Effluent Requirements:

Winter - Suspended Solids and BOD 5 = 15 mg/L (7.5 mo!L soluble BON)

NH3-N = 4 mg/L

Summer - Suspended Solids and BOD5 = 10 mg/L (5 mg!L soluble FO))

NH3 -N = 2 mg/L

Either design curves or design loading factors can be used to determine the

media requirement and surface configuration, following the general procedure

of design suggested by the manufacturers.

'73 Autotrol Wastewater Treatment Systems Design Manual (Autotrol Corp., 0TQ]
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1. Winter Condition.

To reduce soluble BOD 5 from 40 mg/L to 15 mg/L (to allow nitrification in
latter stages, see Chapter 4), the hydraulic loading (HL-BOD) = 6 gpd/sq ft
(from Figure BI).

The temperature correction factor for winter conditions averages 48OF =

0.825 (from Figure B3).

Temperature corrected HL-BOD = 6 x 0.825
= 4.95 gpd/sq ft

For nitrification, the influent NH3-N concentration is less than 30 mg/L.
Therefore, the maximum removal rate of 0.3 Ib/lO00 sq ft-day is not achieved.
To remove the NH3-N concentration from 18 mg/L to 4 mg/L, the hydraulic load-
ing (HL-NH 3) = 2.55 gpd/sq ft (from Figure B4). The temperature correction
factor (to 480F) = 0.7 (from Figure B5).

Temperature corrected HL-NH 3 = 2.55 x 0.7 = 1.79 gpd/sq ft

Overall hydraulic loading (OAHL) is:

S- I1 + 1 - 1 + 1 0.76
7AflE TUhBT H-N 3T~ 4.95 T7

OAHL = 1.32 gpd/sq ft

Hydraulic loading to reduce soluble BOD 5 from 40 mg/L to 7.5 mg/L and
with temperature correction = 3.8 gpd/sq ft x 0.825; (Figures BI, B3) 3.14
gpd/sq ft). Therefore, NH3-N removal controls the design.

2. Summer Condition.

To reduce soluble BOD 5 from 40 mg/L to 15 mg'L (to allow nitrification in
latter stages), the hydraulic loading HL-BOD remains at 6 gpd/sq ft (from Fig-
ure Bl).

There is no temperature correction for HL-BOD during the summer.

For nitrification, to reduce NH3-N concentration from 18 mg/L to 2 mg/L,
the hydraulic loading HL-NH 3 = 2.2 gpd/sq ft (from Figure 84).

The temperature correction factor (to 600F) = 1.21 (from Figure P5).

Temperature corrected HL-NH 3 = 1.7 x 1.21 = 2.66 gpd/sq ft.

Overa'l hydaulic loading (OAHL) is:

68



_ + - _ + 0.54

OAHL = 1.84 gpd/sq ft

Hydraulic loading to reduce soluble BOD 5 from 40 mg/L to 5 mg/L with no

temperature correction = 3 gpd/sq ft (Figure 61).

Again, NH3-N removal controls the design.

3. Surface media requirement 1,000,000 gpd = 758,000 sq ft. Because
1.32 gpd/sq ft

the peak-to-average flow ratio is 2.0 (less than 2.5), no increase of surface
media is necessary (see Chapter 4). Normally, an RBC system design calls for
a larger first stage to minimize organic overloading and oxygen limitation
conditions. Even though it is highly unlikely that these adverse conditions
would occur in RBC units following trickling filters, it is still a good prac-
tice to base the size of the first stage on the overall soluble BOD 5 loading
as in the following:

The overall soluble BOD5 loading

40 mg/L x 8.34 lb Imdmg/L million gal x 1 mgd
7 0 t 0.44 b/1000 sq ft-day

This is a very low organic loading, and from Figure 02:

Size of first stage = 12 percent and is sufficient

Permitted amount of high-density media = 80 percent

When first-stage media = 0.12 x 758,000 = 90,960 sq ft,
use one standard media assembly (25-ft shaft), 100,000 sq ft

When permitted amount of high-density media = 0.8 x 758,000 = 606,400 sq ft,
use four assemblies (25-ft shaft), 150,000 sq ft each
or 600,000 sq ft total.

Remaining standard media assembly (25-ft shaft) = 100,000 sq ft

Total surface media = 100,000 sq ft + 600,000 sq ft + 100,000 sq ft

= 800,000 sq ft > 758,000 sq ft.

Therefore, the surface media requirement is adequate.

4. Choice of configuration is 2 (S+H+H), or two parallel flows; each
uses one standard media (M) assembly as the first stage, followed by two
hiqh-density media (H) assemblies.
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Trickling To final
filter - clarifiers
effluents

Use of Desiqn Loading Factors

1. Determination of soluble BOD 5 and NH3-N loadings:

lb
Soluble BOD 5 loading = 1 mgd x 40 mg/L x 8.34 mg/L-million gallon

= 333.6 lb/day

NH3-N loading = 1 mgd x 18 mg/L 
x 8.34 lb

mg/L-million gallon

= 150.12 lb/day

2. Determination of loading factors (from Clow Corp. Preliminary Design
Manual):

Soluble BOD 5 loading factor - 2.0 lb/1000 sq ft-day (effluent
SBOD5 = 15 mg/L)

- 1.25 lb/1000 sq ft-day (SBOD 5 = 7.5 mg/L)

- 1.0 lb/1000 sq ft-day (SBOD 5 = 5.0 mg/L)

Temperature correction factor for SBOD 5 for 48OF = 1.22

Standard soluble BOD 5 loading rate for standard media = 2.5 lb/1000 sq ft-day

NH3-N loading factor - 0.35 to 0.45 lb/1000 sq ft-day

(effluent NH3-N = 4 mg/L)

- 0.30 to 0.32 lb/1000 sq ft-day

(effluent NH3-N = 2 mg/L)

Temperature correction factor for NH 3-N for 486F = 1.47

3. Calculation of winter and summer surface media requirements:
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Winter

To reduce soluble BOD 5 from 40 mg/L
to 15 mg/L (to allow nitrification in
latter stages), the surface media 333.6 lb/day
requirement 2- Ib7100 SQ

T 333.6 Ib/day
To correct for temperature, 333.6 lb/-d x 1.22
the calculation is 2 lb/1000 soft-day

- 203,500 sq ft

Nitrification to reduce NH3-N to 4 mo/L
=  150.12 lb/day x 1.47

0.35 + 0.45) lb/lO0O sq ft-day
2

(with temperature correction [1.47 in the equation]) = 551,700 sq ft

Overall requirement = 755,200 so ft

To reduce soluble BOD5 from 40 ma/L to 7.5 mg/L, the surface media requirement

333.6 lb/day x 1.22
1.25 lb/1000 sq ft-day

(with temperature correction [1.22 in the equation]) = 325,600 sq ft

Therefore, NH3-N removal controls the design.

Summer

To reduce soluble BOO 5 from
40 mg/L to 15 mg/L (to allow 333.6 lb/day
nitrification in latter stages), 2 .6/1000 so ft-day
the surface media requirement

(No temperature correction because summer temperaturc is greater than 550F.)

Nitrification to reduce NH3-N 150.12 Ib/day
N(0.3 + 0.32 I/000 sq ft-day

to 2 mg/L. (Clow's approach does

not allow temperature adjustment = 484,300 sq ft
above 550F.)

Overall requirement = 651,100 so ft
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To reduce soluble BOD 5 from 40 mg/L 333.6 lb/day
to 5.0 mg/L, the surface.media 1.0 b/1000 sq ft-day
requirement (no temperature
correction) = 333,600 sq ft

Again, NH3-N removal controls the design.

4. Comparing the summer and winter conditions, it can be seen that the
winter condition and NH3-N removal control the overall design. The overall
surface media requirement = 755,200 sq ft. The answer is practically identi-
cal to that obtained previously by using design curves (758,000 sq ft).

5. Choice of configuration. The same configuration used previously can
be applied, since the total surface media requirements are identical, and both
Autotrol Corp. and Clow Corp. offer the same size assemblies (100,000 sq ft
media for a 25-ft shaft standard media, and 150,000 sq ft for high-density
media).

A ir-Driven RBC

1. Surface media requirement and configuration are identical to those
given for mechanically driven RBC design (see Chapter 4 and Autotrol Design
Manual, 1979). Normally, more high-density media are allowed in air-driven
RBC units. This choice is also preferable for RBC units used to upgrade
trickling-filter effluents.

2. Blower selection:

Stages RPM No. Units ACFM*

1 1.4 2 2 x 190 = 380
2 0.8 2 2 x 75 = 150
3 0.8 2 2 x 75 = 150

680

*See Figure 13 for air requirements.

Power consumption = 680 AKFM

44 ACFM/hp = 15.45 hp (11.51 kW)

Operating blower capacity = 680 x 1.33 = 904 ACFM

Installed blower capacity = 250 x 6 = 1500 ACFM

It is recommended that a small installation of less than 2000 ACFM
operating capacity use two blowers, each supplying 133 percent operating capa-

city. Each should be sized for 904 ACFM at the required pressure.
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Cost Estimation

Once the size of the RBC system has been determined, it is possible to

estimate its installed cost. Figure B6, taken from Autotrol's Design Manual,

provides a guide for estimating installed cost. The installed costs include

the following:

1. RBC unit assemblies

2. Fiberglass enclosures

3. Concrete tankage at $250 per cu yd

4. Freight cost of RBC unit assemblies and enclosures (average freight

cost within the contiguous United States)

5. Installation costs of S1500 per shaft (cranes, millwrights, electri-

cians)

The total installed costs are expressed per unit of wastewater flow

treated and are shown in Figure [B6 as a function of hydraulic loadinq. Th(

example calculation in the previous section indicates that the hydraulic load

(HL) is:

HL 1 ,000,000 gpd 3 25800,000Lsq tt gpd/sq ft

From Figure BO, the installed costs will be $0.3/gpd capacity or S300,000 for

1.0 mgd. Information from Autotrol Corp. (August 1q7P) indicates a cost of

S.41/sq ft and $0.31 sq ft for high-density media assembly and standard media

assembly, respectively, or $308,000 for the I mgd flow. Ih expenses for any

added pretreatment modification to existing clarifiers or modification to
existing sludge treatment units are not included. The cost estimation is use-

ful for alternatives comparison only. The Edgewater Treatment Plant study

showed that modifying existing clarifiers for RRC installations can be very

costly.

Sincc both the mechanical-drive and the air-drive systems us( the same,

amount of standard high-density media in an upgrading application, the

estimated cost applies to both systems; Autpt. ol Corp. sugqest, that the (ost

7TTlinton Rogart Assoc. 1nd Hydros(ience Assoc., Inc., Preliminary Report to

EPA on Upgrading Primary Tanks with RB(Cs (November i -T."--
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of the blower and air distribution piping system, air headers, and air cups
will offset the cost of the mechanical-drive package, motor starter/control
system, and electrical wiring.

The estimated cost of $308,000 for 1 mgd flow can be scaled for larger
installations, since RBC systems do not exhibit economies of scale due to

their modular design. Therefore, a cost of $1,540,000 is projected for a

5 mgd flow retrofit system and $3,080,000 for a 10 mgd flow retrofit system.

For comparison, one can also estimate the cost required to replace all exist-

ing trickling filters with RBC assemblies, new trickling filters, or activated

sludge aeration tanks. Each alternative unit process must remove the BOO from
the existing primary clarifier effluents and also provide nitrification.
Therefore, the new facility is designed as a secondary treatment unit plus
nitrification, but retains the services of both the primary and secondary cla-
rifiers.

More RBC surface media are required for BOD removal. Assuming a soluble

BOD concentration of 70 mg/L in the primary effluents, the additional surface
media must reduce the soluble BOD from 70 mg/L to 40 mg/L in the example cal-
culation. Following the previous procedure, the additional surface media I
required is slightly more than 200,000 sq ft, or 2 shafts or 25-ft standard

media. The revised hydraulic load is:

1,000,000 gpd 1.0 gpd/sq ft
(800,000 sq ft + 200,000 sq ft)

The installed costs taken from Figure B6 are therefore $0.37/gpd capacity or
$370,000 for the I mgd flow. The cost will probably be $400,000 when modifi--
cation of pipings, open channels, and valves, etc., is included; however, this
figure does not include demolition cost (taking the existing trickling filters

off line without destroying them). For 5 mgd and 10 mgd plants, the respec-

tive costs are $2,000,000 and $4,000,000.

Several sources provide total construction costs for treatment plants;
however, data on construction costs for various unit processes are scarce. A

one-step process is assumed for an activated sludge process to accomplish ROD
removal and nitrification (activated sludge and nitrification aeration fol-

lowed by final clarification). The existing secondary clarifiers can be used
immediately following the aeration tanks. Data from an EPA reportSestimate
construc on costs to be $450,000/1 mgd, $1,800,000/5 mgd, and $3,400,000/10
mgd. Assume that the aeration tank size must be doubled to achieve one-step
BOD removal and nitrification and retain the use of existing final clarifiers.
(The following section provides a cost estimate for multiple-media filtration
after nitrification.)

Construction Costs for Municipal Wastewater Treatment Plants 1973-19;/, U'A

43T0/77§-flT-, D--3?77IT A,--an u a ry 1978).
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For trickling filters, assume that two-stage filters will obtain the
desired BOD removal and nitrification, with no intermediate clarification pro-
vided. The construction costs are estimated to be $560,000/1 mgd,
$1,140,000/5 mgd, and $1,600,000/10 mgd. Table 11 summarizes the costs for
comparison.

Clar eication Requirement

Since a need for nitrification is assumed in upgrading trickling-filter
plants, the capability of the existing final clarifiers must be examined more
closely. Table 8 indicates that efficient removal of suspended solids in
nitrified effluents requires more than plain settlement. The overflow rate of
the clarifier must be 500 gpd/sq ft or even less for chemically flocculated
effluents. Most, if not all, clarifiers of existing plants were designed for
overflow rates of 800 gpd/sq ft without the benefit of chemical flocculation.
Consequently, these clarifiers are not adequate for nitrified effluents if the
effluent suspended solids concentration is expected to be between 10 to 15
mg/L.

Instead of expanding the existing clarifier capacity, it is advisable to

build multiple-media filters to provide more reliable removal of suspended

Table 11

Cost Comparisons of Various Upgrading Retrofit Systems
(cost excludes multiple-media filtration)

(1978 dollar value)

Upgrading System 1 mgd 5 mgd 10 mgd

RBC following existing trickling filter $3.1 x 105 1.5 x 106 3.1 x 106

Replace existing trickling filters $4 x 105 . x I0 4 x P
with RBC

Replace existing trickling filters with $4.5 x 105 1.3 x 106 3.4 x lob
one-step activated sludge-nitrification

Replace existing trickling filters with $5.6 x 10 1.14 x 106 1.6 x 106
new two-stage trickling filters
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solids. A filtering rate of 3.0 gpm/sq ft is adequate. For example, the 1.0
mgd flow requires a filter area of 1 x 106/3 x 24 x 60 = 231.5 sq ft, or two
filters of 11 x 11 ft each. The construction cost of the filters, including
controls, is estimated to be $180,000 (1977 dollar value). 6 For 5 and 10 mgd
flows, the respective costs are $700,000 and $1,250,000.

Land and Energy Requirements Estimation

For the number and configuration of RBC units used to upgrade trickling-
filter effluents as given in the calculations section, an area of 47 x 64 ft,
or 3000 sq ft is required, including walkways. Another 200 sq ft would be
required for the blower house if air-driven units were used. Multiple-media
filters with controls and chemical clarification equipment add another 800 sq
ft to the area requirement.

I RBC units receive lower BOD concentration wastewaters, and most of the
surface media are used for nitrification. Therefore, the biofilm over the
media is expected to be thin. Based on the experience of the Plainville
Treatment Plant in Connecticut, a motor-driven unit (460-volt) draws about 6.2
amperes with thin biofilm (150,000 sq ft high-density media, or 100,000 sq ft
standard media with more growth). Using this information, the power consump-
tion for the 1.0 mgd flow RBC retrofit units would be:

6 units x 460 x 6.2 kW x 24 hr x 365 = 1.5 x 105 kWh/yr.

The highest current drawn by the motor-drive unit is 9.5 amperes. The maximum

power consumption is therefore 2.3 x 105 kWh/yr. One can use this range from
1.5 to 2.3 x 105 kWh/yr to estimate the power consumption for a 1.0 mgd I{(
retrofit system. However, this estimate does not include the energy required
to operate the multiple-media filters and chemical clarification, which

require an additional power consumption of about 14,000 kWh/yr.Z Autotr n l

Corp. claims that their air-drive RBC units use less power under low loading
conditions; however, confirmation with field data is not yet available.

Negotiation of Performance Guarantee

When the RBC system design is completed and the effluent quality stan-
dards are set, the customer may request a performance guarantee. The terms of
such guarantees are different, depending on the manufacturer and on the
specific case. The RBC manufacturer will review the design with the potential
customer (surface area requirements and general design). If they are in

7 6Construction Costs for Municipal Wastewater Treatment Plants I973-1_47i, EPP

430/9-77-013, MCD-37 (USEPA,TJnuary I978). -
?7Energy Conservation in Municipal Wastewater Treatment, EPA 430/q-77-011

(UTtf'FA, March 1q78).
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agreement, a guarantee can be negotiated to provide a specified effluent with
the equipment installed and operating at design conditions.

It is extremely important to determine a plant's wastewater characteris-
tics (see Chapter 5) before negotiation, because even if the installed system
fails to meet th( performance requirements, it is not considered a breach of
the performance guarantee if the wastewater characteristics are not within the
limits set forth in the design conditions. DA personnel should contact vari-
ous RBC manufacturers for information concerning the performance guarantee
negotiation procedure and the terms of guarantees that are now in effect.
Appendix A gives the general terms of a performance guarantee from an RBC
manufacturer.

Some manufacturers also provide an energy use guarantee. If the average
kilowatt power consumption per RBC assembly, as obtained from power tests
after installation, exceeds the guarantee figure, the RBC manufacturer will
give the owner a rebate equivalent to the present-worth value of the energy
difference between the guaranteed and actual values. However, the manufac-
turer may require that the power tests be conducted under conditions quite
different from actual operating conditions (e.g., with an RBC assembly free of
biomass, rotating at a peripheral velocity of 1.0 ft/sec in water with a tem-
perature of 200C, as opposed to an RBC with biomass, rotating at a different
speed in wastewater and at a different temperature). Under such conditions,
the power consumption would be lower than under actual operating conditions.

Equipment Warranty

An RBC assembly has three main parts, and each is likely to be covered by
a different warranty period. Shaft failure has been reported in a few RRC
facilities. All manufacturers submit independently conducted test data of

their shafts' structural integrity before giving bids. These tests are all
accelerated, full-scale endurance tests which demonstrate the durability of
the shaft and its supporting structure. Simulated loads and testing condi-
tions r, presenting load cycles of 20 years or more have been reported by many
manufacturers. Thus, a warranty for the shaft and its supporting structure
would cover 20 or more years, depending on the bid documents. Twenty- to

thirty-year warranties are not uncommon.

RBC manu~facturers are le;s certain abc Kh_ - rability of their surface
media. The industry is only about 10 year J2o, an,i the majority of RBC
facilities in the United States were built only 3 to 4 years ago. Althouqh
the structural integrity of the surface media have been tested and proven dur-

able, the test conditions do not simulate chemical attack by wastewaters and
light degradation over the long period of actual operation. Therefore, few
manufacturers would provide a warranty period longer than 10 years for surface
media.
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The normal warranty period for the mechanical-drive unit ranges from 1 to
5 years.

Installation, Startup, and Acceptance of the System

A service engineer from the RBC manufacturer should be present during
installation check and startup. RBC units need a few days to 3 weeks to reach
the designed treatment performance for BOD removal, and 3 weeks to a few
months to obtain full nitrification, depending on the wastewater temperature
and pH.

Once the system is operational, but before wastewater is introduced, the
power consumption test can be conducted (in water and with no biomass if this
test condition is specified in the contract agreement). After the system has
been operational for some time, and both heterotrophic bacteria and nitrifiers
have become well-established, performance guarantee tests can be carried out
for the length of time and under the testing conditions specified in the con-
tract. System modifications may be carried out at the manufacturer's expense
until the test results demonstrate that the specified performance has been
obtained. The owner should accept the system only after it is known that the
effluent qualities specified at the design condition can be obtained.
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6 POSSIBLE MODIFICATION OF RBC RETROFIT SYSTEM

Phosphorus Removal

This report has addressed the capability of designing RBCs for upgrading
trickling-filter offluents. Only BOD removal and nitrification have been con-
sidered. As shown in Table 1, 27 NPDES permits issued for Army wastewater
discharges require better than secondary treatment. Of these, phosphorus
removal is required at 11 installations.

Phosphorus can be removed biologically in trickling filters, activated

sludge plants, and RBC systems. Phosphorus is incorporated into bacterial
cells during synthesis. Consequently, when the hiomass in the biological
treatment system is wasted periodically, phosphorus is removed from the sys-
tem. Thus, overall phosphorus removal depends on the rate of uptake and
biomass wastage. The phosphorus uptake rate, in turn, dcpends on the phos-
phorus capacity of the cells, the rate of cell growth, and the phosphorus con-
centration in the wastewater. Trickling filters and activated sludge plants
generally are not expected to remove more than 35 to 40 percent of phosphorus
from the influent was tewater. Even less phosphorus removal can be expected of
the RBC system. NosS 'has reported 24 percent phosphorus removal, while
Poon ?n has reported 17 percent removal. RBC systems produce less biomass
(lower yield coefficient) because of longer sludge age (particularly for RBC
application to upgrading trickling-filter effluents), and consequently, remove
less phosphorus.

Chemical Removal of Phosphorus

Chemical removal of phosphorus is much more effective than biological
methods. Aluminum salts and iron salts are particularly effective, with the
dosages depending on phosphorus concentration and alkalinity. Lime treatment
can also be used to precipitate the phosphorus. For simplicity of operation
and control, lime treatment is preferred, because the lime feed system
requires only pH monitoring, whereas aluminum or iron salts feed requires both
pH and dosage monitoring. Daily jar tests are required to determine the
dosage requirements for aluminum salt and iron salt over or below which a
proper precipitation of phosphorus will not occur.

SC. I. Noss, et al., Recarhonation of Wastewater Using the RPf, paper
presented at the Frs-t N onal-yrnposium on RPC Technology, Pittsburh, PA

(February Ig8o), Vol 1 -- PP8l-124539, Vol 2 -- PB81-124547.
" . D. Smith, C. P. C. Poon, W. Mikucki, and J. T. Randy, Tertiary 1reatment
of Wastewater Using an RVC System, Technical Report N-i- -l -..
T-ff-- Constructin-fngneeir ng Re-earch Laboratory, February 1080).
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Low-level lime dosing to achieve a pH of 9.5 to 10 can reduce phosphorus
levels to 2.0 mg/L or lower in the primary clarifier. The primary effluent
can enter activated sludge aeration tanks 3P or trickling filters 3 1 without
affecting the biological processes. Activated sludge aeration tanks and
trickling filters generate CO2 through microbial activity, which reduces the
elevated pH to a level (below 8.5) acceptable for biological treatment (bio-
logical recarbonation). The residue phosphorus in the primary effluent is
sufficient to support the biological activity and is subjected to further
removal by cell synthesis. The Noss study demonstrates that an RBC system can
also carry out biological recarbonation.

Low-Lime and RBC Recarbonation System

In Noss' study using a pilot-scale RBC system, the low-lime treatment
technique not only significantly removed phosphorus, but also decreased the
organic loading (soluble BOD removal by lime treatment was more than 90 per-
cent). This lower organic loading reduced the RBC surface media requirement
for BOD removal, leaving more media available for nitrification. The primary
effluent produced an excellent environment for nitrification (low ROD, ade-
quate alkalinity, pH between 7.0 and 8.0). As a result, more than 80 percent
NH3-N removal was obtained with the hydraulic loading between 2 to 3 gpdisq ft
(with soluble BOD concentration of RBC influent at about 35 mg/L). At or
above 4 gpd/sq ft loading, recarbonation was not successful in suppressing ph,
leading to poor NH3-N removal; however, BOD removal was not affected.

The results of the low-lime and RBC recarbonation system need confirma-
tion from a full-scale operation. However, the potential of such a simple
technique is very promising for upgrading DA STPs.

''L. A. Schmid, et al., "Phosphate Removal by a Lime-Biological 7reatmert
Scheme," J. WPCF, (1969) p 1259.

31R. D. Miller, et al., Phosphorus Removal in a Pilot Scale Irickling Filter
System by Low-Level Lime Addition to Raw WastewaterTc---ca1-port-T
TI-.-. Army Medical Engineering Research and Development Laboratory. lq,!rO.
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7 EVALUATION OF RBC STUDIES WITH SPECIFIC APPLICATION
TO UPGRADING TRICKLING-FILTER TREATMENT

Reported Studies

There have been very few independent studies of RBC applications to
upgrading trickling-filter treatment plants. The few such studies that have
had results released are reviewed here, particularly in reference to system
capability for PCD removal and nitrification under varying climate and loacino
conditions. Design criteria developed from these results will be compared
with those obtained from RBC manufacturers. Suggestions will then be made
about whether the manufacturers' design criteria should be changed.

The four independent studies reviewed were:

1. J. F. Lagnese of Duncan, Lagnese & Associates, l-c., Pilot RBC Study
for the North Huntington Treatment Plant in Pennsylvania.,

2. H. M. Wexler of the Minges Associates, Inc., Pilot RBC Study for the
Plainville Treatment Plant in Connecticut.

3 3

3. R. 0. Miller, C. I. Noss, A. Ostrofsky, and R. S. Ryczak, Pilot RBC
Study for DA Fort Detrick Treatment Facility in Frederick, Maryland.'

4. E. 0. Smith, C. P. C. Poon, W. Mikucki, and J. T. Bandy, Pilot RHC
Study in Rhode Island for DA.3 5

In the following discussion, the studies are designated as the N. Hunt-
ington study, the Plainville study, the US AMBRDL study, and the CERL study.
respectively. The N. Huntington study tested the RBC system both in series
and in parallel with the existing trickling filters, while all other studics
tested the operation in series with trickling filters only. Both the LUS
AMBRDL and CERL studies placed the RBC system downstream from the trickling-
filter clarifiers.

T7j-.-F. Lagnese, Evaluation of RBCs Used to Upgrade Municipal Plants to Secon-

dary Standards, paper presented at the Technical o
eTnn-syT-vna, Pittsburgh, PA (April 1978).

H. M. Wexler, RBC Pilot Plant Test for the Town of Plainville, Report to
Town of Plainv71'Te, CT (December 1978).

I1R. D. Miller, C. I. Noss, A. Ostrofsky, and R. S. Ryczak, R3C Process for
Secondary Treatment and Nitrification Foaowi a Trick linig__iT I r,- rn
cal Report T905 (US AMBROL, June 1979).

SE. 0, Smith, C. P. C. Poon, W. Mikucki, and J. T. Banny, Tertiaiy Treatme'nt
of Wastewater Using an RBC System, Technical Report N-81/T)DT 7 lT .--
rmes-actrucTnf7ie-r-Yng -- search Laboratory, February IO .
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klBC Performance in BOD Removal

The influent soluble BOD loading can be calculated ior a1 01St. ,
the RBC influent soluble BOD concentration and hydraulic loading dati. 1ly
plotting the influent soluble BOD loadings against the effluent BOC Conentra-
tions (Figure 15,, RBC performance is revealed under varying !1]cradi Corlsg i-
tions. The plot clearly shows that effluent soluble BOD in(:reases es 'c dro
incr'eases. On the average, an effluent of 10 mg/L soluble i'O'Dr_ can i
obtained if the influent soluble BOD 5 loading is kept at or below 1.0 --b/lO0
sq ft-day. Doubling the loading will also double the effluent soluble DCL
concentration.

BOD removal data from the design manuals of many RBC mar,ufacturprs were
calculated and plotted for comparison (Figure 16). The RBC manufacturerc
data appear to show consistently better performance than the four reported
studies (soluble BOD 5 is about 5 mg/L lower). The manufacturers deIg,.
curves or design loadings for BOD removal supposedly apply to both seconoary
treatment and beyond. In using these curves or loadings, no distinctFor is
made between use of the RBC for secondary treatment or for upgradirq ,Yicklino
filter effluents. This practice is questionable for two reasons. Fist, i n
the upgrading of trickling-filter effluents, the feed to the RBC system in
series contains a greater portion of the more biologically resistant FOD 5 sub-
trates (the less resistant ones have been removed by the trickling filters).

which leads to a slower rate of bio-oxidation and ROD removal. Seconr senon-
Iary treatment using RBC exhibits a higher BOD removal rate because the-e i -
higner influent ROD concentration (primary effluent instead of tricklinc
filter effluent).

The RBC system described in the N. Huntington study was at one timo
operated in parallel with the existing trickling filters. Therefore, ,-,in(e
the RBC system received a higher BOD influent with less resistant n,!l .ate

iprimary efflurnt which had not yet received biological treatment)., V ,qI:.r
npercentage of ROD removal w~s obtained. The data plotted in Figure I(, irdl-
'Ate that the performance was indeed comparable to or even s i.hjly Nett -r
-,,in the manufacturers' predicted performance. onsequently, the fineigs ,i
these four studies show That the manufacturers' design curves and desi, n ioad-
ings may not be directly applicable to RBC upgrading of trickIing-ti;icr"

effliuents.

Anoti, ompl, ation of RBC application to upgrading is that the oegree
of ritriti.ation varies in the RBC effluent. Obviously, much stronger nitrit-
ication orcurs in ffluents from RBC used to upgrade trickling filters ttar,
f--m REC -,'',i for econdary treatment. Therefore, much of the effluent OU
ma.;e up c. oit.roge'nou, oxygen demand (NOD). Both the CERL and N. Huntington

ctudies shkwed significant amounts of NOD in some of their RC effluent to tre
extent tlhat the BOD values were too high. Therefore, it. is difficult to com-
jde tri HMD removal between RBC systems of different applications unless the
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degree of nitrification is identical in all cases, or unless nitrification can
be eliminated in the BOD bottles during the incubation period.

Considering the complication of nitrification on effluent BOD, and the
fact that the manufacturers' data are not overly optimistic (compared to N.
Huntington data in parallel operation), it is suggested that the manufactur-

ers' design curves or design loadings be used without adjustment for BOD remo-

val and for temperature corrections in the system design.

RBC Performance in Nitrification

The procedure described in the previous section on BOD removal was used

to plot nitrification data from several RBC systems (see Figure 17). However,
nitrification data from the N. Huntington study was available. The curve in
Figure 17 represents the average condition. From the scattering of points, it

can be een that nitrification performance was not as steady as BOD removal,

most likely because of fluctuations in influent BOD. Although a properly

designed RBC system can treat fluctuating BOD successfully, the higher BOD
loading is pushed further downstage for removal, which reduces nitrification

at these locations (see the section in Chapter 4 on nitrification design).

Manufacturers' aveage data on nitrification were plotted in Figure 18

for comparison with data from the independent studies as presented in Figure
15. The manufacturers' predicted performance is better than the performance
noted in the private studies, following the same pattern as BOO removal.
Therefore, since RBC manufacturers are willing to negotiate a performance

guarantee, their design curves or design loadings should be used.
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8 SUMMARY

This report has provided information, case histories, and design guidance
useful to DA personnel who must decide whether to use rotating biological con-
tactors to upgrade their installations' trickling-filter sewage treatment
plants. Answers have been given to the questions DA personnel most commnonly
ask about RBC equipment, costs, installation time, manpower requirements, land
requirements, energy consumption, and effectiveness in upgrading effluent to
NPDES standards.

RI3C equipment produced by U.S. manufacturers was described, and weighted
selection criteria were provided that will help the Facility Engineer decide
whether an RBC system will be useful at the installation.

The most current RBC technology design guidelines have been described in
terms of their special application to upgrading trickling-filter effluents. A
stepwise approach has been provided to enable DA personnel to compare various
upgrading alternatives. Several independent studies were reviewed that have
compared actual RBC performance data with design claims of RBC manufacturers.
Discrepancies have been pointed out, and reasons for accepting the manu-
facturer's design criteria are offered.
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of Plainville (December 1978).
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I. The, ' trni rh , proc-ess performance bond equal
t( t, r .. .. . r tra(t price. Said bond to be issued by

d r ) I , , h he (wrr /!Engineer and shall guarantee
the pert ',-nd t . ho , ' ,,c i nstillation as specified. The term of
aid prok - - ,, ,( '.- i t,( n shil I not be for more than two (2) years

after strt up iJ t ie Pl' uriits, and until the process has been demon-
strdted to (omply with 4 hf, specifications. Said process performance bond
shall quar, eter the bio li,,( system to perform under the conditions speci-
fied under d ,si ,  ,odltl:fns, the testing procedures, and the bio-disc
equipment is crected, o'pcuroted, and maintained in accordance with
manufacturty's normal instructions. Letter from surety shall be attached
to manufacturer's quotation.

2. Objective - The objective of this guarantee is to provide a specified
effluent with the equipment installed and operating at design conditions.
The contractor and equipment manufacturer may witness all phases of the
process performance guarantee test and shall provide any necessary gui-
dance.

3. Start-Udp - All unit processes and auxiliary equipment necessary for satis-
factory operation of the bin-disc system shall be operational before any
tests are performed. The treatment plant shall then be operated to
develop suitable conditions for a performance test which will equal or

simulate the design parame.ers.

4. Data Collection and Test Method - The performance test shall be for a 30
consecutive day period and the RBS performance shall be determined from
the average of the 30 consecutive days. Should the results of this test
prove to be unsatisfactory, a second test may be required. After receiv-
ing notice of unsatisfactory performance, the contra(tor shall have QQ
days in which to make ne(essary corrections and prepare for another 30-day

performance test. Any modifications to the bio-disc equipment or appurte-
nances shall be at no expense to the Owner. The additional test, if
required, shall be conducted by the Owner, as above.

(q1



The Engineer shall notify the Contractor and equipment manufacTuret tht
the system has been prepared for performance testing and when the r q'-

mance test is to begin. Within 15 days of this notification, thecrtdc-
tor and equip!ient manufacturer shall propose any changes they feel a-(
necessary prior to the test. When the treatment system is operating ir onr
conditions acceptable to the Contractor and equipment manufacturer, rc ,e
shall be delivered to the Engineer that the performance test may commence.

During the performance test, flows will he monitored, wastewater temle a-
ture determined, and laboratory tests will be conducted for ph, Su.vend
solids, dissolved solids, total solids (etc. per spec para. 3.2K pice
15W-2), to determine all of the bio-disc influent parameters listed in "
design basis. In addition, BOD5 and COD concentrations of the ,)c--cisc
effluent will be determined. Plant personnel shall be responsibl- fcr
gathering all samples and performing all laboratory tests.

Laboratory work shall conform to the procedures in the latest edition J
Standard Methods with weekly and final test results transmitted to the
Contractor and equipment manufacturer as soon as they become available.
Equipment as provided for in these specifications shall collect 2,4--hour.
proportional-to-plant-influent-fiow, composite samples of the rotating
disc influent wastewater. Samples of the rotating disc effluent shai1 be
obtained by portable, time clock controlled, 24-hour composite sjrmpIers
provided by the Owner or Contractor for the duration of the pertormar(
test. The portable samplers shall operate on 110 volt, single hasu,

hertz power supply, with one to be mounted over the rotating d-isc ,rt
channel by the Contractor. All samples shall be stored at 40C ,uriq arc
prior to any laboratory analysis, and a minimum of 60 minutes T1 n
time on a one liter graduated cylinder shall be provided fcc o r ,
effluent samples before testing. Samples that cannot be held in a
state for 24 hours at 40C shall be preserved in accordance with tlit ijt,-.
edition of Standard Methods, or equivalent method accepahl e r ,
equipment manufacturer. Daily test analyses may be pertormed L.,y,

independent laboratory at the option of the Owner 6nd subject ,
of the Contractor and R[B" eouipment manufacturer.

5. Liability - If the tuio-disc system does not meet the process perton;ar
requirements, and wastewate, (.haracteristics are not with-n thi init ,
forth in the design conditions, then the failure to meet the pe forrn(
requirements shall not be considered a breach of the per'orman, t,
tee. Under these conditions, the nwner may promptly make crr, t.rns ,o
that the wastewater requirements are met, and again run the pnr-Thdr
test. Owner shall continue to make corrections, as necessary, and n cr-
tinue to run the performance tests as often as nece.sary uni if rr
wastewater (haracteristics meet the specified requi~emini-. II tc n(
system does not mett the process prrfcrman'e rr~nui r rn(t , ind It ,
water characteristics are within the limi ,  setl tnrth in r h ,jr- -

tions, the hio-di -c manuf actuyr-r shall t , not 1f ir , I ii(i + r. f
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and shall, within 90 days after said notification by Owner, make necessary

corrections and remedy defects, and another thirty (30) day performdnce

test shall be conducted by the Owner if desired.

Upon successful verification of the process performance requirements, the
manufacturer shall have no further process performance liability to the
Owner.
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APPENDIX B:

RBC MANUFACTURERS' DESICN (URVFS At["
DESIGN LOADINGS USED IN EXAMP K? -.C
IN CHAPTER 5
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Figure B3. Bio-Surf process temperature correction for ROD removal.
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Figure B5. Bio-Surf process temperature correction for nitrification.
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The following are Tables III and IV from the Clow Corporation's Prelim-
inary Envirodisc Design Manual.

Table BI

Soluble BOD5 Loading Rates

Design Effluent SBOD5  SBOD5 Application Rate

Concentrations mg/L lbs/SBOD/1000 sq ft/day

5 1
10 1 1/2
15 2
20 2 1/4
25 2 1/2
30 2 3/4

TEMPERATURE CORRECTION FACTORS

(Multiply Calculated Area for BOD Removal by TB)

OF TB

55 1.0

50 1.15
45 1.33
40 1.5
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Table B2

Nitrification Loading Rates

(These loading rates are approximate and for preliminar; sizing only. Contact
Clow Envirodisc for loading rates for specific conditions.)

Design Effluent Loading Rate
NH3-N Concentration (Influent = 10 to

mg/L 30 mg/L)

lb/1000 sq ft/day

1 0.23 - 0.27
2 0.3 - 0.32
3 0.33 - 0.4

4 0.35 - 0.45
5 0.36 - 0.5
6 0.38 - 0.58
7 0.43 - 0.65
8 0.5 - 0.7

TEMPERATURE CORRECTION FACTORS

(Multiply Calculated Area for Nitrification by TN)

OF TN

55 1.0
50 1.28
45 1.75

42 1/2 2.25
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APPENDIX C:

RECENT RBC TECHNOLOGY*

111.5.4 ROTATING BIOLOGICAL CONTACTORS [1)

111.5.4.1 Function

Rotating biological contactors (RBC) are used to remove dissolved and col-

loidal biodegradable organics.

111.5.4.2 Description

The process utilizes a fixed-film biological reactor consisting of plastic
media mounted on a horizontal shaft and placed in a tank. Common media forms

are a disc-type made of styrofoam and a denser lattice-type made of

polyethylene. While wastewater flows through the tank, the media are slowly
rotated, about 40 percent immersed, for contact with the wastewater to remove

organic matter by the biological film that develops on the media. Rotation
results in exposure of the film to the atmosphere as a means of aeration.
Excess biomass on the media is stripped off by rotational shear forces, and

the stripped solids are maintained in suspension by the mixing action of the
rotating media. Multiple staging of RBCs increases treatment efficiency and
could help achieve nitrification year round. A complete system could consist
of two or more parallel trains, each consisting of multiple stages in series.

111.5.4.3 Common Modifications

Common modifications of RBCs include the following: multiple staging; use of
dense media for latter stages in train; use of molded covers for housing of

units; various methods of pre- and post-treatment of wastewater; use in combi-

nation with trickling filter or activated sludge processes; use of air driven

system with tapered gas flow in lieu of mechanically driven system; addition

of air to the tanks; addition of chemicals for pH control; and sludge recy-

cling to enhance nitrification.

111.5.4.4 Technology Status

The process has been used in the United States since 1969 and is not yet in
widespread use. Use of the process is growing, however, because of its

characteristic modular construction, low hydraulic head loss, and shallow

excavation, which make it adaptable to new or existing treatment facilities.

* From R. A. Sullivan, et al., Urading Existing Waste Treatment Facilities

Utilizing the BIO-SURF Process, paper presented at We First National 3iii o-
sru-mon R TC Technology, Pittsburgh, PA (February 19o), Vol 1 -- PB81-
124539, Vol 2 -- PB8l-124547.
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111.5.4.5 Applications

Applicable to treatment of domestic and compatible industrial wastewot'.r;amen-
able to aerobic biological treatment in conjunction with suitable pretreatment
and post-treatment; can be used for nitrification, roughing secondary treat-
ment, and polishing.

111.5.4.6 Limitations

Can be vulnerable to climatic changes and low temperatures if not housed or
covered; performance may diminish significantly below 550F; enclosed units can
result in considerable wintertime condensation if heat is not added to enclo-
sure; high organic loadings can result in first-stage septicity and supplerr.en-
tal aeration may be required; use of dense media for early stages can result
in media clogging; alkalinity deficit can result from nitrification; supple-
mental alkalinity source may be required.

111.5.4.7 Residuals Generated

Sludge in secondary clarifier; 3,000 to 4,000 gal sludge/Mgal wastewater; 500
to 700 lb dry solids/Mgal wastewater. These data are based on municipal
wastewater.

111.5.4.8 Reliability

Moderately reliable in the absence of high organic loading and temperatures
below 550F; mechanical reliability is generally high if first stage of system
is designed to hold large biomass; dense media in first stage can result in
clogging and structural failure.

111.5.4.9 Environmental Impact

Negative impacts have not been documented; presumably, odor can be a problem
if septic conditions develop in first stage.

111.5.4.10 Design Criteria

Criteria Units Range/value

Organic loading lb BOD5 1,000 Without nitrification: 30 - 60
ft3 of media With nitrification: 15 - 20

Hydraulic loading gpd/ft2 of media Without nitrification: 0.75 - 1.5
With nitrification: 0.3 - 0.6

Stages/train At least 4
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Parallel trains At least 2

Rotational velocity ft/min (peripheral) 60

Media surface area ft2/ft3  Disc type: 20 - 25

Lattice type: 30 - 35

Media submerged percent 40

Tank volume gal/ft3 of disc area 0.12

Detetion time min (based on 0.12 gal/ft 2) Without nitrification: 40 - 90
With nitrification: 90 - 230

Secondary
clarifier overflow qpd/ft2  500 - 700

Iower horse-power/25 ft shaft 7.5

111.5.4.11 Flow Diagram

TYPICAL STAGED RBC CONFIGURATION

RAW WASTEWE :L SECONDARY EFFLUENT

PRIMARY SLUDGE WASTE SLUDGE

ALTERNATE SHAFT ORIENTATION IS PARALLEL TO
DIRECTION OF FLOW WITH A COMMON DRIVE FOR ALL
THE STAGES IN A SINGLE TRAIN.

111.5.4.13 References

1. Innovative and Alternative Technology Assessment Manual.
EPA-430/9-78-009 (draft), U.S. Environmental Protection Agency, Cincinnati, Ohio,
1978. 252 pp.
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APPENDIX D:

EXCERPTS FROM CHAPTER 7, VOLUME 1, OF OPERATION OF WASTEWATER
TREATMENT PLANTS -- A FIELD STUDY TRAINING PROGRAM

(2nd edition, published by U.S. Environmental Protection Agency,
Office of Water Program Operations, Municipal Permits and
Operations Division, 1980)
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GLOSSARY

Chapter 7. ROTATING BIOLOGICAL CONTACTORS

BIODEGRADABLE BIODEGRADABLE
Organic matter that can be broken down by bacteria to more stable forms which will not create a nuisance or give off foul odors

COMPOSITE (PROPORTIONAL) SAMPLE COMPOSITE (PROPORTIONAL) SAMPLE

A composite sample is a collection of individual samples obtained at regular intervals, usually every one or two hours during a
24-hour time span. Each individual sample is combined with the others in proportion to the flow when the sample was collected The
resulting mixture (composite sample) forms a representative sample and is analyzed to determine the average conditions during the
sampling period.

GRAP SAMPLE GRAB SAMPLE
A single sample of wastewater taken at neither a set time nor flow.

INHIBITORY SUBSTANCES INHIBITORY SUBSTANCES
Materials that kill or restrict the ability of organisms to treat wastes.

MPN MPN
MPN is the Most Probable Number of coliform-group organisms per unit voume. Expressed as a density or population of organisms
per 100 ml.

NEUTRALIZATION NEUTRALIZATION
Addition of an acid or alkali (base) to a liquid to cause the pH of the liquid to move towards a neutral pH of 7.0.

NITRIFICATION NITRIFICATION
A process in which bacteria change the ammonia and organic nitrogen in wastewater into oxidized nitrogen (usually nitrate). The
second-stage BOD is sometimes referred to as the "nitrification stage" (first-stage BOD is called the "carbonaceous stage").

PYROMETER PYROMETER
An apparatus used to measure high temperatures.

SOLUBLE BOO SOLUBLE BOD
Soluble BOD Is the BOD of water that has been filtered In the standard suspended solids test

SUPERNATANT SUPEFINAI AN I
Liquid removed from settled sludge. Supematant commonly refers to the liquid between the sludge on the bottom and the scum on
the surface of an anaerobic digester. This liquid is usually returned to the influent wet well or to the primary clarifier.
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CHAPTER 7. ROTATING BIOLOGICAL CONTACTORS

7.0 DESCRIPTION OF ROTATING BIOLOGICAL CON- a simple process to operate.
TACTORS

Rotating biological contactors (R.C) are a secondary biolog- The major parts of the process are listed in Table 7.1 along
ical treatment process (Figure 7.1 )for domestic and BIODE- with their purposes. The concrete or steel tanks are commonly
GRADABLE1 industrial wastes. Biological contactors have a shaped to conform to the general shape of the media. This
rotaig shaft surrounded by plastic discs called the "media." shape eliminates dead spots where solds could settle out and
The shaft and media are called the "drum' (Figures 7.2 and cause odors and septic conditions. These tanks may be di-
7 3). A biological slime grows on the media when conditions vided into four bays (stages) with either concrete walls or re-
are suitable. This process is very similar to a trickling filter movable baffles, depending on the design.
where the biological slime grows on rock or other media and The rotating biological contactor process is usually divided
settled wastewater (primary clarifier effluent) is applied over into four different stages (Fig. 7.6). Each stage is separated by
the media. With rotating biological contactors, the biological a removable baffle, concrete wa(i or cross-tank bulkhead
slime grows on the surface of the plastic-disc media. The slime Wastewater flow commonly is parallel to the shaft. Eaci bulk-
is rotated into the settled wastewater and then into the atmos- head or baffle has an underwater orfice or hole to permit t'ow
phere to provide oxygen for the organisms (Fig. 7.2). The from one stage to the next. Each section of media betweenwastewater being treated usually flows parallel to the rotating bulkheads acts as a separate stage of treatment.
shaft, but may flow perpendicular to the shaft as it flows from
stage-to-stage or tank-to-tank. Staging is used in order to maximize the effectiveness of a

given amount of media surface area. Organisms on the first-The plastic-disc media are made of high-density plastic cir- stage media are exposed to high levels of BOD and reduce the
cular sheets usually 12 feet (3.6 m) in diameter. These sheets BOD at a high rate. As the BOO levels decrease from stage to
are bonded and assembled onto horizontal shafts up to 25 feet stage, the rate at which the organisms can remove BOD de-
(7.5 m) in length. Spacing between the sheets provides the creases.
hollow (void) space for distribution of wastewater and air (Fig-
ures 7.3 and 7.4). Treatment plants requiring four or more shafts of media usu-

ally are arranged so that each shaft serves as an individual
The rotating biological contactor process uses several pas- stage of treatment. The shafts are arranged so the flow is

tic media drums. Concrete or coated steel tanks usually hold perpendicular to the shafts (Fig. 7.6. Layout No. 3) Plants with
the wastewater being treated. The media rotate while approx- fewer than four shafts are usually arranged with the flow paral-
imately 40 percent of the media surface is immersed in the lel to the shaft (Fig. 7.6, Layout No. 1).
wastewater (Fig. 7.4). As the drum rotates, the media pick up a
thin layer of wastewater which flows over the biological slimes Rotating biological contactors are covered for several rea-
on the discs. Organisms living in the slimes use organic matter sons which depend on climatic conditions:
from the wastewater for food and dissolved oxygen from the
air, thus removing wastes from the water being treated. As the 1. Protect biological slime growths from freezing;
attached slimes pass through the wastewater, some of the 2. Prevent intense rains from washing off some of the slime
slimes are sloughed from the media as the media rotates growths;
downward into the wastewater being treated. The effluent with
the sloughed slimes flows to the secondary clarifier where the 3. Stop exposure of media to direct sunlight to prevent growth
slimes are removed from the effluent by settling. Figure 7.5 of algae;
shows the location of a rotating biological contactor process in 4. Avoid exposure of media to sunlight which may cause the
a wastewater treatment plant. The process is located in the media to become brittle, and
same position as the trickling filter or activated sludge aeration
basin. Usually the process operates on a "once-through" 5. Provide protection for operators from sun, rain or wind while
scheme, with no recycling of effluent or sludge, which makes it maintaining equipment.

'S o(degradable (BUY-o-de-GRADE-able) Organic matter that can be broken down by bacteria to more stable forms which wil not create
a nuisance or give off foul odors

Note: The figures contained in the original publication have been deleted from these excerpts.
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TABLE 7.1 PURPOSE OF PARTS OF A ROTATING
BIOLOGICAL CONTACTOR

Part Purpose

1. Concrete or Steel Tank Di- Tank. Holds the wastewater
vided into Bays (Sections) being treated and allows the
by Baffles (Bulkheads) wastewater to come in contact

with the organisms on the
discs.
Bays and baffles. Prevent
short-circuiting of wastewater.

2. Orifice or Weir Controls flow from one stage
Located in Baffle to the next stage or from one

bay to the next bay.

3. Rotating Media Provide support for or-
ganisms. Rotation provides
food (from wastewater being
treated) and air for organisms.

4. Cover over Contactor Protects organisms from se-
vere fluctuations in the
weather, especially freezing.
Also contains odors.

5. Drive Assembly Rotates the media.

6. Influent Lines with Valves Influent lines. Transport
wastewater to he treated to
the rotating biological contac-
tor.

Influent valves. Regulate in-
fluent to contactor and also to
isolate contactor for mainte-
nance.

7. Effluent Lines with Valves Effluent lines. Convey treated
wastewater from the contac-
tor to the secondary clarifier.

Effluent valves. Regulate
effluent from the contactor
and also isolate contactor for
maintenance.

8. Underdraine Allow for removal of solids
which may settle out in tank.
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Fiber qias , covtrs in th, shape of the medi n, asily re- Advantages of iotating biological contactors over tricklinj
mrood for maintenance In some area,. tj rotating biological filters include the elimination of the rotating distributor with its
contactors are covered by a building. In other areas only a roof problems, the elimination of the problems cause by pondinQ on
is placed over the media for protection against sunlight The the media, and filter flies More efficient use of the media Is
type of cover depends on climatic conditions achieved due to the even or uniform rotation of the media into

Two types of drive assemblies are used to rotate the shafts the wastewater being treated. A limitation of the process, as
Twportin te f a edi compared with trickling filters, is the lack of flexibility due to the

absence of provisions for recirculation, however, in most in-
1 Motor with chain drive (Fig. 7.7). and stallations recirculation is not needed.

2 Air drive (Fig. 7 8). 7.10 Pretreatment Requirements

The first type of drive assembly consists of a motor, belt Rotating biological contactors are usually preceded by pre-
drive, gear or speed reducer, and chain drive. The other drive treatment consisting of screening, grit removal, and primary
unit consists of plastic cups attached to the outside of the settling. Grit and large organic matter, if not remo',eo can
media (Fig. 7.8). A small air header below the edge of the settle beneath the drums and form sludge deposits which re-
media releases air into the cups. The air in the cups creates a duce the effective tank volume, produce septic conditions
buoyant force which then makes the shaft turn. With either type scrape the slimes from the media, and possibly stall ,he unit
of drive assembly. the main shaft is supported by two main
bearings Some rotating biological contactor plants have aerated flow

equalization tanks instead of primary clarifiers ahead of the
Individual units are usually provided with influentt and contactors. Flow equalization tanks may be installed to

effluent line valving to allow isolation for maintenance reasons. equalize or balance highly fluctuating flows and to allow for the
Usually the units are not shut down during the low flow condi- dilution of strong wastes and neutralization of highty acidic or
lions because power consumption is minimal and as the flows alkaline wastes. These equalization tanks are capable of re-
decrease, the percent of BOO removal increases. ducing or eliminating shock loads.

7.11 Start-Up

7.1 PROCESS OPERATION Prior to plant start-up, become familiar with and understand
Performance by rotating biological contactors is affected by the contents of the plant 0 & M manual. If you have any ques-

hydraulic loadings and temperatures below 55'F (13'C). Plants tions, be sure to ask the design engineer or the manufacturer s
have been designed to treat flows ranging from 18,000 gpd to representative. Both of these persons should instruct the
50 MGD Typical operating and performance characteristics operator on the proper operation of the plant and maintenance
are as follows' of the equipment.

Characteristic Range

HYDRAULIC LOADING 2

BOD Removal 1.5 to 6 gpd/sq ft
Nitrogen Removal 1.5 to 1.8 gpd/sq ft 7.110 Pre-Start Checks for New Equipment

O LGANIC LOADING5 Before starting any equipment or allowing any wastewater toenter the treatment process, check the following items:
BOO Removal 80 to 95 percent 1. TIGHTNESS

Effluent Total BOO 15 to 3omg/L Inspect the following for tightness in accordance with manu

Effluent Soluble BOO 7 to 15 mgjL facturer's recommendations.

Effluent NH3-N I to 10 mgL a. Anchor bolts

Effluent N03-N 2 to 7 mg1L b. Mounting studs
c. Bearing caps

See Section 7.5, "Loading Calculations, for procedures Check any torque limitations
showing how to calculate the hydraulic and organic loadings d. Locking collars
on rotating biological contactors. e. Jacking screws

2Hydraulic and organic loadings depend on influent flow, influent soluble BOO, effluent BOD, temperature and surface area of plastic media
M3nufacturers provide charts converting flow to hydraulic and organic loadings for their media
Soluble BOO Soluble BOO is the BOO of water that has been filtered in the standard suspenaeci sohds test
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I Roller chain This means that you wart to be sure that the tank contasn-
Be sure chain is properly aligned ing the biological contactor will not overflow and cause

g. Media stripping of the biomass
Unbalanced media may cause slippage.

h Belts 5 See Section 7.20 for break-in maintenance instructons
Use matched sets on multiple-belt drives, which start after eight hours of operation

2 LUBRICATION Development of biological slimes can be encouraged by
regulating the flow rate and strength of the wastewater applied

Be sure the following have been properly lubncated with to nearly constant levels by the use of recirculation if available
proper lubricants in accordance with manufacturer's rec- Maintaining building temperatures at 65*F k18*C) oi higher will
ommendations. help. The best rotating speed is one which will shear off growth

a. Mainshaft beanngs at a rate which will provide a constant "hungry and reproduc-
b. Mllerhain fstive" film ot microorganisms exposea to the wastewater beingb Roller chaintreated.
c Speed reducer

Allow one to two weeks for an even growth of boologic.alCLEARANCES slimes (biomass) 1o develop on the surface of the media with
a Between media and tank wall. normal strength wastewater After starl-up, a sliny growth
b Between media an(' baffles or cover support beams. (biomass) will appear During the first week. excessive slougn-
c Between chain casing and media. ing will occur naturally. This sloughing is normal and the
C Between roller chain, sprockets and chain casing. sloughed material is soon replaced with a fairly uniform.

shaggy brown-to-gray appearing biomass with very few or no
4 SAFETY bare spots.

Be sure safety guards are properly installed over chains Follow the same stan-up procedures whether a plant is stan-
and other moving parts, ing at less than design flov, or at full-design flow Start-up

during cold weather takes longer because the organisms in the
7.111 Procedure for Starting Unit slime growth (biomass) are not as active and require more time

Actual start-up procedures for a new unit should be in your to grow and reproduce.
plant 0 & M manual and provided by the manufacturer. A 7.12 Operation
typical starting procedure is outlined below. Rotating biological contactor treatment plants are not difficult
1. Switch on power, allow shaft to rotate one turn, turn off the to operate and produce a good effluent provided the operator

power, lock out and tag switch. Inspect and correct if nec- properly and regularly performs the duties of inspecting the
essary during this revolution: equipment, testing the influent and effluent, observing trie
a. Movement of chain casing. media, maintaining the equipment and taking corrective actiona Moemen ofchai casng.when necessary.
b. Unusual noises.

c. Direction of media rotation.
Where wastewater flow is parallel to the rotating 7.120 Inspecting Equipment
media shaft, the direction of rotation is not critical. If This treatment process has relativeiy iew moving par!
the wastewater flow is perpendicular to the iotating There is a drive train to rotate the shaft and there are bearings
media shaft, the media should be moving through the upon which the shaft rotates. Neither the media nor the shaf
wastewater against the direction of flow (see Figure require maintenance. Check the following items when inspect-
7.6, p. 209). ing equipment:

2. Switch on power and allow shaft to rotate for 15 minutes. 1 Feel outer housing of shaft bearing to see ii it is running ho:
inspect the following: Use a pyrometer or thermometer if tempeiature is too hot

for your hand. if temperature exceeds 200 F (93 C' the
a. Chain-drive sprocket alignment, bearings may need to be replaced Also check for proper
b Noises in bearings, chain drives and drive package. lubrication and be sure the shaft is properly alignec The
c. Motor amperage. Compare with nameplate value, longer the shaft, the more critical the alignment
d Temperature of mainshaft bearing (by hand) and

drive-package pillow block. If too hot for the hand, use 2. Listen for unusual noises in motor bearings Locate cause
a PYROMETER 4 or thermometer. Temperature should of unusual noises and correct
not exceed 200"F (930C). 3. Feel motors to determine if they are running hot It hot.

e. Tightness of shaft bearing-cap bolts. Tighten to manu- determine cause and correct.
facturer's recommended torque.

f Determine number of revolutions per minute for drum 4. Look around drive train and shaft bearing for oil spills. If oil
and record for future reference. is visible, check oil levels in the speed reducers and chain

drive system. Also look for damaged or wornout gaskets or
3. Open inlet valve and allow wastewater to fill the tank (all seals.

four stages if in one tank). Open the outlet valve to allow
water to flow through the tank. Turn on power and make 5. Inspect chain drive for alignment and tightness
inspections listed in steps 1 and 2 again while drum is rotat-
ing. Shut off power, lock out and tag switch to make any
corrections. 7, Be sure all guards over moving parts and equipment are in

4. Check the relationship between the clarifier inlet and the place and properly installed

rotating biological contactor outlet for hydraulic balance. 8. Clean up any spills, messes or debris

'Pyrometer (pie-ROM-uh-ter). An apparatus used to measure high temperatures
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7 121 Testing Infthviott atid tlffhent .q... W!,ll .i f , , t, 1. . I .1 ,

W tJcisltWdltn ,tl ysir is Ii% hIl tI( hi irlidiiiul <vein il lilliii dill| e f ] .€.i € ' * l.. ~ a ti, , l i i,, l .S+ ', ea l i;. t

pio ess perfl1mance Betiatiio there ,tr few pf(n(uts ( uo itul .:t f". Hill i ,( .We 'I fw . '!,
turnc'ions to oe performed only a minirnal analyss is rm uifreJ t

,0 morior and report daily performance lo determine it the
rotatnq i bilogica; contactors are operating properly vou - 'V& . . , 11 1i "aiiitar T- ,i,. .r,
shouid measure (11 BO0, (2) suspended solids. 131 pi' , , a , , , , ' t !f'e b'iOi g I .

dcis!lved oxygen (DO) Performance is best monitored by qrowths ( ewclb sno.,i,' "el ow to -ffectvely Lse .

analysis of a 24-hour COMPOSITE SAMPLES for BOO and able heal I' ,,o:,q iu irigs nave rqn ceilings larg,, vaied
Suspended solids on a daily basis. 00 and pH should be mea- fans car', e t ifecl , 'hihe e(ifngs to direct heat downward
sured using GRAB SAMPLES' at specific times Actual tre
quency of tests may depend on how often you need the results
for plant control and also how often your NPDES permit re- iNFLUENT VARIAr;L)tv:
quires you to sample and analyze the plant effluent When large ,Jaily in'fluent flow and or organic iBODi varia-

lions occur a reductior in process efficiency is likely to result

DISSOLVED OXYGEN Before corrective steps are taken the exact extent of the prob-

The DO in the wastewater being treated beneath the rotating lem and resulting crange r, process efficiency must be detei

media will vary from stage to stage A plant designed to treat mined In most cas.s Aer he rftuent flow and or organic.

pnrnary effluent for BOD- and suspended-solids removal will peak loads are iess :nat: !hree times the daily average values

usually have 0 5 to 1 0 mgL DO in the first stage The 00 level during a 24-hour period te jecrease in process efficienc,

will increase to 1 to 3 mg L in the fourth stage A plant designed will result

for NITRIFICA lION7 to convert ammonia and organic nitrogen In treatment plants where the influent 'low and. or organic
zompounds to nitrate will have four stages also The difference loads exceed design values for a sustained period the effluent
between a RBC unit designed for BOD removal and one de- BOD and Suspended solids Must be measured to determire
signed fo nitrification is the design flow applied per square foot corrective action is requi ec
of media surface area DO in the first stage of nitrification unit
will be more than 1 mgL DO and often as high as 2 to 3 mgL. During periods at severe organc overload the nu,ea,: or

The DO in the fourth stage of a nitrification unit may be as high baffle between stages o,',e an 'wo may be er'ic~ec h.s

as 4 to 8 mg,L procedure provides a larger arioun of media surface area Icr
the first stage of treatment 'f the plant .s cont'nuousv over-

EFFLUENT VALUES loaded and the effluent violates the NPDES pe-mit require-
ments, additional treatment units st',uld be instaileg A possi-

Typical BOD, suspended solids, and ammonia and nitrate ble short-term solution to an overload problem ,night be the
effluent values for rotating biological contactors depend on installation of facilities to recycle effluent however this would
NPDES permit requirements and design effluent values. As cause a greater increase of any hydra0lic overload
flows increase, effluent values increase because a greater flow
is applied to each square foot of media while the time the
wastewater is in contact with the slime growths is reduced. pH

Also. the greater the levels of BOO, suspended solids and Every wastewater has an optimum pH level for best treaiabil-

nitrogen in the influent. the greater the levels in the plant ity Domestic wastewater pH varies between 6 5 ana 8 S ario

effluent Figure 7 9 snows influent and effluent values for a will have little effect on organic removal efficiency If this range
rotating biological contactor. The influent and effluent data plot- is exceeded at any time (due to industrial waste discharges for
ted are seven-day moving averages which smooth out daily example), however, a decrease in efficiency is likely
fluctuations and reveal trends. Procedures for calculating mov-
ing averages are explained in Chapter 18. "Analysis and Pre- To adjust the pH towards 7 0, either pre-aerate the influent

sentation of Data. or add chemicals. If the pH is too low. add sodium bicarbonate
or lime. If the pH is too high add acetic acid The amount of

If analysis of samples reveals a decrease in process effi- chemicals to be added depends on the characteristics of the

ciency, look for three possible causes. water and can best be determined by adding chemicals to

1 Reduced wa-tewater temperatures, samples in the lab and measuring the change in pH

2 Unusual v' iations in flow and/or organic loadings, and When dealing with nitrification. pH and alkalinity are very
3. High or low pH values (less than 6.5 or greater than 8.5). critical. The pH should be kept as close as possible to a value

Once the cause of the problem has been identified, possible of 8.4 when nitrifying. The alkalinity level in the raw wastewater

solutions can be considered and the problem corrected, should be maintained at a level at least 7 1 times the influeni
ammonia concentration to allow the reaction to go to comple-

TEMPERATURE tion without adversely affecting the microorganisms Sodium
bicarbonate can be used to increase both the alkalinity and pHWastewater temperatures below 550F (13°C) will result in a

reduction of biological activity and in a decrease in BO0 or Another item under pH variations could be the adding ,

Composite (Proportionall Sample (com POZ-it) A composite sample is a collection of individual samples obtained at regular intervals.
usually every onre or rwo hours during a 24-hour time span. Each individual sample is combined with the others in proportion to the flow when
the sample was collected The resulting mixture (composite sample) forms a representative sample and is analyzed to determine the average
conditions during the sampling period
Grab Sample A single sample of wastewater taken at neither a set time nor flow
NiftrfIC3tion (NYE.tri-fi-AAY-.shun A process in which bacteria change the ammonia and organic nitrogen in wastewater into oxidized
nitrogen (usually nitrate The second-stage BO is sometimes referred to as the nitrification stage (first-stage BO is called the car-
bonaceous siage
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SUPERNA TANTO from a digester. The supernatant should be remove these deposits drain the bays, was" the sludge owtested for pH and suspended solids. Without testing the super- posits out and return unit to service. Be sure the (-rifice. n the
natant, you will not know what kind of load you're placing on baffles between the bays are clear.
the rest of the plant. Sometimes it's best to drain supernatant
at low flows to the plant. Caution should be taken to avoid SLOUGHING
overloading the process. If the supernatant pH is too low, If severe slougning or loss of biomass r-Urs after ih'
supem atant could be drawn off during high flows when these s f er an ocess f i ss , , h .u c. s 'i, i,
flows can be used for dilution and NEUTRALIZATION. 9  start-up period and process difficult, arises, the ,-uces 1. t

be due to the influent wastewater containing toy.c or INHIBI-
7.122 Observing the Media TORY SUBSTANCES") that k=l the organisms in the hwniass

or restrict their ability to treat wastes. To solve this I: roNtemRotating biological contactors use bacteria and other living steps must be taken to eliminate the tcxK suiar,;c ,yenorganisms growing on the media to treat wastes. Because of though this may be very difficult and costly. Biologi31 pro-this, you can use your sight and smell to identify problems. The cesses will never operate properly as lon as they arer-pt to
slime growth or biomass should have a brown-to-gray color, no treat toxic wastes. Untii the toxic substance can be loca:ed an13algae present, a shaggy appearance with a fairly uniform eliminated, loading peaks should be damnened treduced , andcoverage, and very few or no bare spots. The odor should not a diluted uniform concentration of the toxic substance aift,:,wd
be offensive, and certainly there should be no sulfide (rotten to reach the media in order to minimize harm to the b-oilnicai
egg) smells, culture. While the corrections are made at the plant. damoen-

ing may be accomplished by regulating inflow to the .iarit BeBLACK APPEARANCE careful not to flood any homes or overflow any low r,,arl oles
Toxic wastes may be dilute using plant effluent (uril it con-If the appearance becomes black and odors which are not tains toxic materiar or any other source of water supoly.normal do occur, this could be an indication of solids or BOD

overloading. These conditions would probably be accom- Another problem which could cause loss of 0,01-rEaSS IS a7
panied by low DO in the plant effluent. Compare previous in- unusual variation in flow andyor organic loading In small com-
fluent suspended solids and BOD values with current test re- munities one cause may be high flow during tho. day ard rear
suits to determine if there is an increase. To solve this problem, zero flow at night. During the day the biomas.s is r-,-,vinq food
place another rotating biological contactor unit in service, if and oxygen and starts growing: then the night fkw rnedi Ces 1-1possible, or try to pre-aerate the influent to the RBC unit. Also near zero - available food is reduced anti neprly stops i hereview the operation of the primary clarifiers and sludge diges- biomass starts sloughing off again due 'o lack of food
ters to be sure they are not the source of the overload. Possible sohtitions to sloughing of the bi.nmass due to, xcp%WHITE APPEARANCE sive variations in plant flow and'or organw' loading includ(e

throttling peak conditions and recycling fro; tl se.riar.;
A white appearance on the disc surface also might be pre- clarifier or R6C effluent during low flows. Be very careful whetsent during high loading conditions. This might be due to a type throttling plant inflows that low elevation homes are not floon.Inf bacteria which feeds on sulfur compounds. The overloading or that manholes do not overflow. Usually RSC tirits e.o nct

could result from industrial discharges containing sulfur com- have provisorn' 'or any recycling from the secondar/ clirifier
pounds upon which certain sulfur-loving bacteria thrive and If low flows at ntah7 are creating operation problems dije ,,) Iockproduce a white slime biomass. Corrective action consists of of organic matter, a possibe solution is the installatior ot a
placing another RBC unit in service or trying to pre-aerate the pump to recirculate water from the seconaary clarifier. I recar
influent to the unit. During periods of severe organic or sulfur culation is providec, tr to maintain a hydraulic loarimi 'ate ol
overloading, remove the bulkhead or baffle between stages greater than 1.0 to 1 .5 gpxisq ft. A flow eauaizaton tank can
one and two. be used to provide fairly ccntinuous or even flows.

Another cause of overloading may be sludge deposits which Possible rotating biological conractor process oiperationalhave been allowed to accumulate in the bottom of the bays. To problems, causes and sokltiOns are summarized ;n Table 7 2

itSuPernatant (sue-per-NA Y-tent) Liquid removed front settled sludge. Supernatant commonly refers to the liquid between the snuage on the
bottom and the scum on the surface of an anaerobic digester. This liquid is usually returned to the influent wet well or to the primary clarifierNeutralization (new-trall-i-ZA Y-shun) Addition ofan acid or alkali (base) to a liquid to cause t!o pH ot th) liquid to move towards a neuAlr
pH of 7 0

'0 Inhibitory Substances. Materials that kill or restrict the ability of organisms to treat wastes
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TABLE 7.2 POSSIBLE RBC OPERATIONAL PROBLEMS, CAUSES AND SOLUTIONS

Problem Cause Solution

I Slime on mea appears shaggy with a PROPER OPERATION NO PROBLEM NORMAL CONDITION
brown-to-gray color

2 Black slime Solids andior SOD overloading a Place another RBC unit
in service if available

b Pre-aerate RSC influen.

c. For severe organic overloads, remove
bulkhead or baffle between stages 1
and 2.

3 Rotten egg or other obnoxious odors Solids and/or DOD overloading See problem 2, solutions a, b and c above
4. White slime Bacteria which feed on sulfur compounds. See problem 2, solutions a. b and c above.

Also, industrial discharges containing sulfur
compounds may cause an overload.

" Skughing or loIs of slime (biomas) (1) Toxic or inhibitory substances in in- a Eliminate source of toxic or inhibitory
fluent. substances.

b Reduce peaks of toxic o inhibiioo y
substances by carefully regulating i-
flow to plant.

c. Dilute influert using plant effluent or
any other source of waler.

(2) Variation in flow and/or organic loading. a. During low flow or loading periods,
pump from secondary clarifier or RBC
unit effluent to recycle water with food
and DO through the RBC unit

b. During high flow or loading conditions.attempt to throttle plant inflow dunng
peak periods.

c. For severe organic overloads, remove
bulkhead or baffle between stages 1
and 2.

6. Decrease m process efficiency (1) Reduced wastewater temperature, a. Heal air inside RBC unit cover or build-

ing.

b, Heat influent to unit.

(2) Unusual varlatons in flow and/or or- See problem 5, cause (2), solutions a, b
ganic loading. and c above.

(3) Sustained flows or loads above design Install additional treatment units.
levels.

(4) High or low pH values. A. If the pH is too low, add an alkali (base)
such as lime.

b. If the pH is too high, add an acid such
as aetic acid.

(5) Improper rotation of media. a. Inspect belt tension and adjust

b. Check air pressure and adfuat
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7.13 Abnormal Operation solids to be pumped out. While fth tank is empty, inspect for

Abnormal operating Conditions may develop under the fol- cracks and any other damage and make necessary repairs
lowing circumstances: Try to keep the slime growths moist to minimize sloughing

1. High or low flows, and a reduction in organism activity when the process starts
2. High or tow solids loading, and again. A loss in process efficiency can result if the slines are
3.Pwrotgs washed off the media. DO Mi(T WASH THE SLIME GROWTH

Power ~OFF THE MEDIA because you will be washing away the or-
When your plant must treat high or low flows or solids (or- ganisms that treat the wastewater. If the unit is to be out of

ganic) loads, abnormal conditions develop as the treatment service for longer than one day, the slines may be washed off
efficiency drops. For solutions to these problems, refer to Sec- the media to prevent the development of odor problems.

tion 7.12, Operation, and Table 7.2. One advantage of RBC Restart rotation by applying power to the drive unit. Before
units is the fact that high flows usually do not wash the slime applying power, inspect the shaft and drive unit for possibleI
growths off the media; consequently the organisms are pre- inefrcerosuhtmsatolorbked.Iflpag
Wsen.n raigtewseae uigadatrtehg occurs from an unbalanced media, inspect and adjust align-

ment and tension.
A power outage requires the operator to take certain precau-

tions to protect the equipment and the slime growths while no
power is available. If the power is off for less than four hours,
nothing needs to be done. If the power outage lasts longer than 7.2 MAINTENANCE
four hours, the ABC shaft needs to be turned about one-
quarter of a turn twice a day. Turning prevents all the slime Rotating biological contactors have few moving parts and
growth from accumulating on the bottom portion of the plastic require minor amounts of preventive maintenance. Chain
disc media. Before attempting to turn the shaft. lock out and drives, belt drives, sprockets, rotating shafts and any other
tag the power in case the outage ends abruptly. To turn the mvn at hudb npce n anandi cod
shaft, REMOVE THE BELT GUARD USING EXTREME CARE. ance with manufacturers' instructions or your plant's 0 & M
Turn the shaft by using the belts. BE CAREFUL YOU DON T manual. All exposed parts, bearing housing shaft ends and
CUT OFF YOUR FINGERS. Place a wedge-shaped block be- bolts should be painted or covered with a layer of grease to
tween the belts and belt sprocket to hold the shaft and media in prevent rust damage. Motors, speed reducers and all other
the desired location. Actually, the shaft is very delicately bal- metal parts should be painted for protection.
anced and easy to rotate. Do not try to weld handles or brack- Maintenance also includes the repair or replacement of bro-
ets to the shaft to facilitate turning because this will throw the ken parts. A preventive maintenance program that keeps
shaft off balance. equipment properly lubricated and adjusted to help reduce

WARNING. If the shaft starts to roll back to its original posi- wear and breakage requires less time and money than a pro-
tion before you get the block properly inserted, do not try to gram that waits for breakdowns to occur before taking any
stop the shaft. Let it roll back and stop. If you try. to sto the action. The frequency of inspection and lubncation is usually
shaft from rolling back, you could injure yourself and also dam- provided by manufacturer's instructions and also may be found
age the belts and sprockets. in the plan 0 & M manual. The following sections indicate a

typical maintenance program for a rotating biological contactor
Gently spray water on the slime growth that is not sub- treatment process. More detail can be found in a plant 0 & M

merged frequently enough to keep the biomass moist manual.
whenever the drum is niot rotating.

If the power outage lasts longer than 12 hours, more than 7.20 Break-in Maintenance
normal sloughing will occur from the media when the unit is ATR8HUSO PRTO
placed back in service. When the sloughing becomes exces- ATR8HUSO PRTO
sive, increase the sludge-pumping rate from the secondary 1. Recheck tightening torque of capscrews in all split-tapered

clariier.bushings in the drive package.
7.14 Shutdwn and Restart 2. Visually inspect hubs and capscrews for general condition

The rotating biological contactor may be stopped by turning adpsiiiyo ubn gis nosrcin

off the power to the dnive package. If the process is to be 3. Inspect belt drive (drive package).
stopped for longer than four hours, follow the precautions listed
in Section 7.13. "Abnormal Operation,' when a power outage AFTER 24 HOURS OF OPERATION
occurs. Do not allow one portion of the media to be submerged 1. Inspect all chain drives.
in the wastewater being treated for more than four hours. Oc-
casionally spray fth media niot submerged to prevent the slimne AFTER 40 HOURS OF OPERATION
growth from drying out whenever the drum is not rotating.

If the tank holding the wastewater being treated must be 1. Inspect all belt drives in drive packages.
drained, a portable sump pump may be used. A sump is usu- AFTER 100 HOURS OF OPERATION
ally located at the end of the unit by the motor. Pump the water
eihe to the primary clarifier or to the inlet end of a RBC unit in 1. Change oil in speed reducer. Use manufacturer s recoin-
operation. A trough running the full length of the tank allows the mended lubricants.
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2 Clean magnetic drain plug ,,t speed reducer 3 mo a Inspect bell drive
3 Check aV capscrews in split-tapered bushings and 6 mo 9 Change oil in speed reducer Use manufacturer s

setscrews in drive package output sprocket and bearing for recommended lubrcants
tightness.

4 inspect belt drive of drive package 6 ma 10 Clean magnetic drain plug in speed reducer

AFTER 3 WEEKS OF OPERATION 6 mo 1I Purge the grease in the oouble-sealed shai seabs
of the speed reducer by removing the plug located

1. Change oil in chain casing. Be sure oil level is at or above 180 degrees from the grease fiting on bofh the
the mark on the dipstick. Use manufacturer s recom- input and output seal cages Pump grease into the
mnended lubricants, seal cages and then replace the plug Use manu-facturer s recommended grease

7.21 Preventive Maintenance Program 12 mo 12 Grease motor bearings Use manufacturer s rec
Interval Procedure ommended grease To grease motor bearings

stop motor and remove drain plugs inject newDaily 1 Check lor hot shah and bearings Replace bear- grease with pressure gun until all old grease has
ings it tempbrature exceeds 200F (93 C) been forced out of the bearing through the grease

Daily 2. Listen for unusual noises in shaft and bearing dran Run motor unt all excess grease has been
Identify cause of noise and correct if necessary expelled This may require up to several hours

running time for some motors Replace drain
Weekly 3. Grease the mainshaft bearings and drive beaings plugs

Use manufacturer's recommended lubricants. Add
grease slowly while shah rotates When grease 7.22 H e ng
begins to ooze from the housing, the bearings con-
tain the correct amount of grease Add six full Properly designed systems have sufficient turbulence so sol-strokes where bearings cannot be seen ids or sloughed slime growths should not settle out on the

4 wk. 4. Inspect all chain drives. bottom of the bays. If grease balls appear on the water surface
in the bays, they should be removed with a dip net or screen

4 wk. 5. lnsp~c! mainshaft bearings and drive bearings device,
4 wk. 6. Apply a generous coating of general purpose

grease to mainshaft stub ends, mainshaft beanngs If media comes apart, squeeze the two unbonded sections
and and collars. together with a pair of pliers. Take another pair of pers and

3 mo. 7. Change of1 in chain casing. Use manufacturer's force a heated nail through the media. The heat from the nail
recommended lubricants. Be sure oil level is at or will meft the plastic and make a plastic weld between the two
above fte markt on the dipstick. sections of media.
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7.23 Tmalbo m o uide

7.230 Ro~w Cht nDe

Tiouble Probble cam Corrective Action

I Nosy Drive t, Moving pars rub stationary pars. 1. Tighten and align casing and chain
Remove dirt or other interfering matter

2. Chain does not fit sprockets. 2. Replace with correct parts.

3. Loose chain. 3. Maintain a taut chain at all times.

4. Faulty lubrication. 4. Lubricate properly.

5. Misalignmert or improper assembly. 5. Correct alignment and asembly of the
drive.

6. Worn parts. 6. Replace worn chain or beanngs. Re-
verse worn sprockets before replacing.

2. Rapid Wear I. Faulty lubrication. 1. Lubricate properly.

2. Loose or m isalgned parts. 2. Align and tighten entire drive

3. Chain Clknb Sprockets I Chain does not fit sprockets. 1. Replace chain or sprockets.

2. Worn-out chain or worn sprockets. 2. Replace chain. Reverse or replace
sprockets.

3. Loose chain. 3. Tighten.

4 Stiff Chain I. Faulty lubrication. I. Lubricate properly

2. Rust or corrosion. 2 Clean and lubricate

3. Misalignment or improper assembly. 3. Correct alignment and assembly of the
drive.

4. Worn-out chain or worn sprockets. 4. Replace chain. Reverse or replace
sprockets.

5. Broken Chain or Sprockets 1. Shock or overload. I. Avoid shock and overload or isolate
through couplings.

2. Wrong size chain, or chain that does not 2. Replace chain. Reverse or replace
fit sprockets. sprockets.

3. Rust or corrosion. 3. Replace parts. Correct corrosive condi-
tions.

4. Misalignment. 4. Correct alignment.

5. Intereences. 5. Make sure no solids interfere betweer.
chain and sprocket teeth. Loosen chain
it necessary for proper clearance over
sprocket teeth.
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7.231 Belt Drive

Trouble Probable Cause Corrective Action
IExcessive edge wear 1. Misalignment or non-rigid centers. 1. Check alignment and/or reinforcement

mounting
2. Sent flange. 2 Straighten flange

2 Jacket wear on pressure-face side of Excessive overload and/or excessive belt Reduce installation tension and/or increase
belt tooth.' tightness. drive load-carrying capacity.

3, Excessive jacket wear between belt Excessive installation tension. Reduce installation tension.
teeth (exposed tension members)*

4. Cracks in Neoprene backing Exposure to excessively low temp. (below Eliminate low temperature condition or
-30'F or - 35*C). consult factory for proper belt construction

5. Softening of Neoprene backing Exposure to excessive heat (+ 200*F or Eliminate high temperature and oil condi-
93*C) and/or oil. tion or consult factory for proper belt con-

struction.

6 Tensile or tooth shear failure.- 1. Small or sub-minimum diameter pulley. 1 . Increase pulley diameter.

2. Belt too narrow. 2. Increase belt width.

7. Excessive pulley tooth wear (on 1 . Excessive overload and/or excessive 1 . Reduce installation tension andior in-
pressure-face and/or OD)* bolt tightness. crease drive load-carrying capacity

2. Insufficient hardness of pulley material. 2. Surface-harden pulley or use harder ma- I

terial.

8 Unmounting of flange 1 . Incorrect flange installation. 1 . Reinstall flange correctly

2. Misalignment. 2. Correct alignment.

9. Excessive drive noise 1 . Misalignment. 1 . Correct alignment

2. Excessive installation tension. 2 Reduce tension.

3 Sub-minimum pulley diameter. 3. increase pulley diameters.

10. Tooth shear* 1. Less than 6 teeth in mesh (TIM). 1 . increase TIM or use next smaller :)itch.

2. Excessive load. 2. increase drive load-carrying capacity.

11. Apparent belt stretch Reduction of center distance or non-rigid Re-tension drive and/or reinforce mounting
mounting.

12 Cracks or premature wear at belt tooth improper pulley groove top radius. Regroove or install new pulley
root *

13 Tensile break 1. Excessive load. 1. increase load-carrying capacity of drive

2. Sub-minimum pulley diameter. 2. increase pulley diameters

-Pertains to a timing belt system only.
Recent systems use a V-belt drive.



7.3 SAFETY Cannot be avoided completely so walk carefully at all times.
Any equipment with nmoving parts or electical copnet 7.3 Infections and Diseasesshould be considered a potential safety hazard. ALWAYS

SHUT OFF THE POWER TO UNIT, TAG THE SWITCH AND Precautions must be taken to prevent infections in cuts orLOCK TH4E POWER SWITCH IN THE "0FF" POSITION BE- open wounds and illnesses from waterborne diseases. AfterFORE WORKING ON A UNIT working on a unit, always wash your hands before smoking or
eating. GOOD PERSONAL HYGIENE MUST BE PRACTICED7.30 Slow-Moving Equipmnent BY ALL OPERATORS AT ALL TIMES.

Slow-rnoving equipment does not appear dangerous. Unfor-
tunately, moving parts such as the chain sprockets, chain, belt
sprockets and belts can cause serious injury by tearing and/or
crushing your hands or legs. 7.4 REVIEW OF PLANS AND SPECIFICATIONS
7.31 Wiring arid Connections When reviewing plans and specifications, be sure thie follow-

Wiring and connections should be inspected regularly for ing items are included in the design of rotating biological con-
potential hazards such as loose connections and bare wires. tactors.
Again, always shut off, tag, and lock out the power switch 1 . Enclosure to protect biomass from freezing temperature.before working on a unit. Enclosure constructed of suitable corrosion-resistant mate-

rials and has windows or louvered structures in sides for7.32 Slippery Surfaces ventilation. Forced ventilation is not necessary.
Caution must be taken on slippery surfaces. Falls can result 2. Heating. A source of heat is helpful during winter operationin serious injuries. Any spilled oil or grease must be cleaned up to minimize the corrosion caused by condensation and toimmediately. It covers over the media allow sufficient space for improve operator comfort. If the temperature of the airwalkways, condensed moisture on surfaces will create slippery within the enclosure is kept several degrees above theplaces. If the temperature of the air within the enclosure can be temperature of the wastewater, condensation is signfi-kept several degrees above the temperature of the wastewa- cantly reduced. Ceilings should be kept low to effectively

ter, condensation is significantly reduced. This condensation use available heat.



METRIC CONVERSION FACTORS

1 in. = 25.4 mm
I ft = .3048 M

I sq ft = .0929 in2

I cu ft = .0283 
m3

1 gal = 3.785 L

1 mgd = 3785.0 KL/day

oC = 5/9 (OF-32)

I kW = 14.34 kg-cal/min
I kWh : 3.6 MJ
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